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ABSTRACT

Major revisions in the U.S. mathematics curriculum since the

19&05, have led to significant differences between the mathematics
curriculum of 'the U.S. and those of many other countries. This study
explored how a group of Chinese immigrant students, with élfferent

> cultural backgrounds, mathematics knowledge, and learning styles,

~ learned in an Algebra I course. Three research questions are ad-
dressed:. (1) How did the students learr from the teacher and textbook?
(2) What were the students' understandings of the algebraic concepts: °
introduced in the class? (3) How did the mathematics they acquired in
their home country affect their ]earnmg of the U.S. mathematics curri-
culum? The research employed the multiple~case study mcthod which
enables the researcher to examine the results across a number of cases
(individual students) and to generalize the find.mgs.

. The study was conducted 'at- San Francisco's Mission Hzgh S::h@al.

Data collection began in October of 1981 and ended in June 1982. The

eight target students were selected from a f“*‘ﬂesglEnghsh bilingual
Algebra f class. Data were t:ﬂlle:ted by a vl cpf methads—slassrnam

t:hmo:al stud1es of 1nd1v1dua1 studer}t's Heuﬁstlc precesse= in prablem
snlwng. Additional data were also collected from schonl recards, test
results, and the student's classwork and homework.

The findings of the study are included in the final research report
submitted to the National Institute of Education and in the paper "Math-
ematical Learning Styles of Chinese Immigrant Students: A Summary of -
Research Findings" presented at the 1983 Annual Conference -of the
American Association for the Advancement of Sclence.
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" ma thematzcs curriculum in the U.S5. and Vthase t:nf mar

learning styles, problem-solving techniqres,

~I. INTRODUCTION .

The U.S. mathematics curriculum ‘i:md rwent major revisiaﬂs in the
19605 {National (:Diiﬂt:il of Ti' chers af Mathematics, 1969}- En‘at. the
content was reargan ed. Many topics whl:h wer ]i'reviéuslg: taught in
college are now iﬁtrﬁdijf_’ed at the ele_mzf‘n% ."y or secondary level, and
they are more integfated to convey the unified structuré underlying
mathematics concepts. Second, there was a Ehift m‘ emphasis from
mechanic operations to égnceptual understandingi Last, there was
increased attention to p?éblemésaiving skills. The changes were wecre
dramatic, their effects lasting. Desplte :nt:c;sm in the late 1970s that
this altered mathematics curﬁéulum gﬂntﬂbuted to therdechng in stu-
dents computational skills, the reform have remained largely in place for
the last fifteen years.

Bﬁt the revisions were not a’lways the same in scope or direction as
thése in the U.S5. Taday, there are Slgfllflﬁaﬂf differences between the
n'yx other Eauntrie,E,

_ Immlgrant students from such nations May. ex p diff:u:ult;es in

o

adjusting to the U.S5. mathematics surric:—ﬂiﬁﬁii They may have different

es, and understandings of
mathematics concepts which are attributable to the educational systems

n their countries of origins. Of course, many of them.may also have
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fi.:i;llum must be de ig Ed. Eefare one can be develgped hawevef, re-

'search must be conducted on haw immigrant studants‘ mathematics
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knowledge le... 'z sty-es may be country-specific. This study at-

tempted to explire 1 :e F¥erences by examining a group of Chinese

immigrant. znts stvooying Algebra 1 in the U.S.

LA | .

‘CHINESE .~ M! ' CAN'S

' ;98(2 ca. ~us igures show that there are more than 800,000 Chinese

‘Americans it the United Stales. Between 1960 and 1980, the number of

Chinese Americans grew ph«ﬁﬁﬂmenally, increasing over 200 percent from

250,000 in 1960 to 800,00C in 1980, one of the largesi proportional
increases of any ethnic or racial group in the Unitéd States duriﬁg' that
period. The major reason for this _incséa;%e is heavy immigration and
massive resettlement of refugees frc:sﬁz Southeast V‘Asia. ’

The history of Chinese Americans began in 1850, when the Chinese
came to California dunng the Gold Push. From 1850 to 1882, large !

numbers of Chin e laborers 1mm1gfated to the Umtgd States, usually to.

the West Coast and Hawaii, to seek a bettef life. They provided. i:heap

omic growth and development
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of ’ihe American West. The Chinese papulatian in the U.S. grew until .

18590, when census repnrts l.ﬁdlt:EtEd more than 100,000 Chinese living

the U.S. (Gaalidge; 1969).

With the decline of the Gold Rush boom, the Chinese population

became the scapegoat fér economic p oblems because of their high racial
’ES’blhtV, cultural ‘dissimilarity, and lack of political power. Agltatmn

among trade unions, politicians and others ré,salted in housing, émpléﬁf"

‘ment, and legal discrimination against Chinese in the U. Sifz d cu
minai‘:ed 51 exclusion acts bar'ﬁng Chinese.laborers from enfering the

)

‘u.s. fram 1332 “to. 1943 "Because of the thnese Exclusion Act, the
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number of Chinese in the U.S. from 1882 ‘to 1943 dEc:llned. H@wev‘er.

et

the American pegcy towards Asian immigration shifted sharp]y' in 1965

when the Immigration and Nationality Act was amended to reset annual
quotas to 20,000 immigrants from each cnuntry up to 170, DCLD maximum
ffafn the eastern hermsp re (U.S. Commission on Civil R:ghts. 1980)
After this pu::h’" change, Chinese 1mm1gratmn to the U S. resumed.

In additian to. immigrants, the U.S. slso admits refugees into this -
country. Each year between 1955 and 1978, 40,000 refugees were per-
mitted to r—esetﬂe in the United States. With the e:;pansmn of tha Indo-
chinese: pré ram in 1979, the annual infiux of refugees to this country
increased tremendously. In 1980 alone, 156, DOD refugges made their

homes in the United States. The tatal number of Southeast Asian refu-

" gees in the United States was 555,546 .25 of October 1981, and this

group is comprised largely of Sing—‘Vietnaﬁiesgwhn fled their homeland
to avoid prﬂ‘iti:al oppression. They will continue: to come to the U.S. in

remain in flux.

™

peninsul
This study focused on a small group of eight Chinese iﬁ;migrauts
students from Hong Kong, Mainland China, and Vietnam, the three

countries from where large numbers of Chinese immigrants hail. The

research method employed was the case study. The students were

selected from a public }ﬁgh school in San Francisco. They were followed
and studied for the entire 1981-82 school year. iarge amounts of
guantitative and Quaﬁtative data. were .collected on each siudent. The

data were analyzed usmg each student as an entity and then exammed
3 i

across the eight students to arrive at generalized findings..
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II. RESEARCH METHODS

OVERALL APPROACH
learn in AIge\;rgL In particular, the research faéﬁsed on a group of
Chinese immigrant students from three different cultural backgrounds
enrolled in an Algebra I class, |

Three research questions were addressed by the study: (1) How

do the students learn from the teacher and the textbook? (2) What are

(3) How does ike mathematics knowledge acquired by the students in
their mother countries affect their learning of mathematics in the U.S5.?

‘To answer these questions and examine the complex interactions of

the many factors (é,;gi the students' education and cultural history, the

; political zand social svents which affected their educational aspirations,"

etc.) which affect the rstudents" performance, this research employed
the case study method. The object of iﬁéuiry of fh,is research method
— the case — is a certain bounded system of interest (Stake, 1978). In
this study, each case is a stﬁdenﬁi This method does not entail the use

of any particular type of data collection technique or an interest in any

particular type of data., Instead, the study collected a large variety of

qualitative ané‘quantative data on each student by different means. Yin

(1981) suggests that the case study is the preferred research method .

when "an empirical inquiry must examine a contemporary phenomenon in

its real-life context, especially when the boundaries betw;é{aﬁ pheno-

=4
»

menon and context are not clearly evident" (p.98).

i
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“interviews, student mterviews, ‘testing}, tape recordings,

- There are two types of case study designs: the single-case design
and the multiplc-case design. The ilatter was the one used by this
study. The multiple~case design enables the combination t:tftfresu]ts from
a number of case studies to generalize the finéings. However, the
multiple-case design should not be confused with experiments using
small samplés. The latter is intere ‘ted in the means and averages of the

whole group as the results, while the multiple-case design ti‘eats each-

ase as a separate entity and seeks explanatory findiﬁgs from the -

e

within-case evidence. The findings are then examined- across cases to

develop explanatory patterns for generalization (Kennedy, 1979;. Green

and David, 1981).

OVERVIEW OF THE STUDY
This study was conducted in Sin Francisco's Mission High School.
The study began in October of 198l1. Twelve Chinese students, who

had recently arrived in the United States, were selected from the

Algebra 1 class as target students for case stu'die;s; The class was a -
Chinese/English bilingual Algebra I class in which all students were

classified as Limited English Proficient (LEP). The class was considered.

matlcs diagnostic test. However, during the school year, four students

dropped out from the study‘ for various reasons: and the study ended

‘up with eight students.

Data were collected in three dlfféfent periods (phaseg) of the

Sf: hool -yaar by a variety of methods — classroom ﬂbservatmns, teacher



observations of individual student's heuristic processes in

problem-solving. Additional data were also -collected from school

records, test results and the student's classwork and homework. The

following is a detailed description of the data collection procedure.

PROCEDURES
Target Student Selection (September 14 - September 31, 1981)

Twelve students from the Algebra I were sele:ted according to the

following procedures:
a. . A letter requesting permission for the students to participate
in the study. was sent to the students' parents or guajréiaﬁsg The

principal of Mission - High School agreed to cooperate and issued the

letter in his name. This underscored the legitimacy of the study and
promoted the cooperation of the parents. The letter was written bihn-
guallyi .

b. The Algebra I class was observed by the researcher for five
school days. Students found to be problematic or uﬁﬁkeiy to cooperate

were eliminated. (A large amount of data were collected during the five

days of observation. This data became part of the complete data set for

the entire study.) . ' 7 ; _

c. The Algebra I class was administered the ten-item short Arith-

metic Reasoning Test. This test was adapted from the French Kit of

Reference Tests for Cognitive Fact@rngérm R-4, Part I. It is dﬁigﬂed

to measure ane's abﬂlty to deter@ne what numer’iéal ~operations are re- :

mic

!ED,ﬂi'ﬂg and correlates highly with general IQ Ihe bilingual version of

o
Pt
‘m‘



the test used was found to be satisfac ﬁry by Ng and Tsang (1980) and
is répmdu::ed in Appendix A. Those students who scored Extremgly
poorly on this test were elim nat ted from the sam}:le of thls Etudy.

d. Students were 1ﬁd:iﬂdua]1y interviewed about thExr farm’iy“

backgrounds, the types of mathematics they had learned, and how they

were taught in their native countries. Since in most countries other .

are not taught separately in different years, most students in this

bilingual mathemat i’S class‘ have already been injtradut:eid to algebra..
e. Based on these results, 12 target students 7(6 male and 6

female) were selected to represent the variations in mathematics abili-

ties, the different countries of origin, and both the refugee and immi-

gration experiences of the total Chinese immigrant student population.

Phase One Data Galleetmﬁ (November 1 - December 16, l‘?Bl’)

- (a) eachgi Interview. The Algebra I teacher. Mr. Wong (a
pseudanym), was interviewed and the following lnfarmatmn was eli i ed:
- educational b kgrgund.
= teaching éipe ience, ' N

- course objectives
- class argamzat,,, . 7
- understanding of the course content, :
- wunderstanding of the students' difficulties and their special
- pedagogical approaches, especially thase adapted to mee
'~ of-the immigrant students,
. = informal evaluation of-the target studerlts‘ progress,
»_= ‘instructional ab;ectives during the next phase of the study, and
- reason for changes in the ang:nal :urnculum '

© The interview ‘was infnrma:l but was gmded by a hst af questmns. I
took pla(:e over lunch at a restaﬁ?ant ‘near the sc:hm:l ané was tape .

E

recorded for later t ran s,r;'iptmn, Duﬂng the 1nteriﬁew. ‘the researcher
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also br‘iefsed the teacher on his impression of the class and the target

‘e

stullents, a sbased on classroom observations and test data analyses.

(b)Y £ Jassraam Qbservatm of Target °Students. The..researcher

vicited the Algebra I class for f:nre enngéguii“ﬂ days and q’bservgd the
: fi‘l

> target students. Gen’éral ethﬁpgraphig tec’;hn:ques were used durmg
theée observations. Data wez}*eﬁ' collected in _Ethé form of field note
Copies of the classwnrk completed by the target students were col-

lected. The target students were observed on how they in cted with

the teacher, with other st;udents while dair;g x:iassv?mrk, a’ndhaw théy

completed their class assignments. The researcher took particular note

of how the target students respo nded .to questions reqmﬁng memoriza-

tion of rﬁles; inductive thinking, and deduetivei thinking.

c) J.ndrndua] Work. Sessmns ‘Wiﬂ’l Target Students. The researcher

lected data on the target students from individual work sessions.

colle ecte

Each ind;ﬂdua] session Iagted apprc:},:lmately Qne_and one-half hours.

. These .sessions were conducted after sthool at thé convenience of the

5

students. ; -
ﬁﬁfing the si ons, gtudents were 1nterv1ewed then admlmstgred

a word association test and an algebra test D _‘?_gg. ‘interviews, the
students were aslé_éd te recount ‘the éiffit:ﬂltlgs they encoyntered in the

Aba]gebra text a:nd in t:]ass. They were alsa asked ‘to comment on the :

[

instru::tmﬂial methods of thg tea:hgf and ﬁﬁelr pregress. Thé~interviews

lasted_irgm ﬁfteeﬂ-ta thirty minutes.

'I‘he wgrd as u:n:i ation test censisted of twenty-two pagéé_ (Appendix

;. B)..A iﬁei—ent a]gebréi: word/ éanceﬁtiwas' printed at thgégap of each

page. The Etudents . were asked to write dowr, within ‘g’i%ﬁlinute; as ’

lmany‘ mathematn:al wardsl concepts as they ::cmld think of relatmg to the

. : N -

]
i




printed word/concept. The students were given two practice examples

before the actual test. The insiructions and the word association test

took approximately thirty minutes.

The algebra test consisted of twelve items selected ffjgm the first

three chapters of the algebra text (Appendix C). These three chapters

were covered in class before the Thanksgiving holiday. Except for the
_first two items which were simple "warm-up" problems, the remainder of

the items were selected because they had presented difficulties to the

students in their homework and during the classroom ebservations. To

solve these pr’blémsi the students 'had to apply the mathematics con-
introduced to them in the Algebra I class. The students were

asked to use the think-aloud method to solve the problems. They were
asked to solve the problems in front of the researcher, who was taking

notes of the students' written work, thought processes, and other

relevant-data. The researeher also probed the students frequently and
asked them to explain why they took certain approaches or how they

arrived at a correct or incorrect solutiori. The algebra test took from’

one-half to one full hour. These 1nd1v,idua] sessions were tape recorded

and were completed between November 30 to. December 16, 1981.

d) Ot ’her Data Collection.” Throughout the Phase One data collee-

tion, the Aigebra I teacher’ cooperated by making available to the

researcher the target students' classwork and homework. The resear-

cher made copies of these materials for analysis.
i
A
9

13



(a2) Teacher interview. The mathematics teacher, Mr. Wong, was

interviewed for the second time. The researcher, zy this .time, was

quite familiar with Mr. Wong's background and had estabhshed a good

rappért with him. The interview was thus shorter than the first one.

—  The researcher asked the teacher about the. progress-—of the target .
students, -ab:sut his feelings towards the difficulties encountered by the
students, and any ::hange’é in the course content.

{b) Classroom observation of target students. Eatch target student

- was abserved fc:r one class period. Since two of the target students

classes taught by a Ms. Hall (pseudonymn), they were each observed

or éuﬁng the weekend at a public library. Each session lasted one to
one and one-half hours. The students were interviewed on their mathe-
matics experiences since the last work session, difficulties encountered,
and areas that they wanted the researcher to help them with. The two

were especially

‘m

students who transferred t@ Ms. Hall's Algebra I class
asked to :czmment on their imp essions of the different teaching styles
of the two teachers.
After the interviews, the students were given an algebra test
:whic:h consisted of 20 items. This test (Appendix D) was constructed in
" the same way as the one administered in Phase I with ite-mjls;\ reflecting

the content taught during the past three months. The stidents were

m
iaskec’l to solve the pra’blems using the think aloud method.

1

10

i
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Phase III Data Collection (June 1 to June 30, 1982)

(a) Teacher interview. Mr. Wong was interviewed on the last day

of school. The procedure was similar to the Phase II 1ﬁterv¢;wa

(b) Classroom observation of target students. The taréat students

in Mr. Wong's class were observed during the last two weeks of the

semester. However, the classroom activities of those two weeks con-
sisted of self-review with the teacher giving individual instruction to
the students who requested help. With most of the class engaged in

seat work, not much interaction was observed. Ms. Hall did not allow

the researcher to observe her classes during the Phase IIT data

(c) Testing. The target students were gathered in the afternoon
on the last day of school and administered the Gggniiive Ability Test
and the Piagetian Picture Test. These were administered by request of
two similar studies on minority students. The results éi these tests

were used mainly for comparison across the three studies. The Cogni-

- tive Test (Appendix E) consisted of 24 item on analogies, 26 items on

computation, and 26 items on classificatioun. The students were given 10
minutes for each of these sections. The Piagetian Picture Test "(Appenﬁ

F) consisted of 72 item on Piagetian types of conservation and

:

perception concepts. The test was not timed.

(4d) Individual student work session. The researcher sr;h_eduled

individual work sessions with each of the students during the four days

é.fter school ended. These sessiﬁms were conducted at a pubhc ]:Lbrarv

or at the students hames and lasted from one to one and_!ane—half

hcpurs. During the sessions, the students were administered the Sorting

Test and Phase III Algebra Test. The Sorting Test consists of twenty-



eight mathematics concepts, each written on a 3"x5" index card. The
students were asked to sort the cards into groups. These concepts
were those learned in the Algebra I class dfuring-the school year and
are in Appendix G. The Phase III Algebra Test (Appendix iFI) consisted
of fourteen items selected with the process d-scribed in Phase I. The
" items emphasized the content from the latter portion of the course. The
students were asked to solve these problems using It‘he think aloud
| method.

nterviewed for their experi-

i

After the testing, the students were

ences during the last third of the Algebra I class and theirr overall
impressions of the course. They were again asked to comment on the
teachers and their teaching methac‘{-s.' The students were also asked teo
loan the researcher any notes or work samples théy had accumulated
from the Algebra I class during the school year. These were photo-
copied and returned to the stgdents-

These three phases cggpieté the data collection activiﬁtgs of the

study.
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I11II. DATA ANALYSIS

As was discussed in the previous chapter, the research design
used in the study was the multiple case study design. The fgenera] data
analysis approach under this design was to treat the data collected from
each student — case — separately and to analyze them independently.
The focus was to seek explanatory findings for each student's learning
difficuities. The findings were then examined across cases to detect

patterns for generalization. The following is a description of how the

study analyzed the variety of qualitative and quantitative data collected

&

INTERVIEW AND OBSERVATION DATA

These included the teacher interviews, the classroom observations,
and the student interviews. These data were assembled. Field notes
from observations and interviews were typed, indexed and stored on
floppy diskettes. Similarly, tape recordings were transcribed, indexed
and stored. | 7

The researcher conducted pfelimif;afy_ analyses of the data as they
were coilected during each phase. The observation and interview data

were then sorted according to different combinations of the indices. The

researcher exam;ned these data with the target students' classwork and

homework. Salient aspects of the stud: "'s' learning styles and difficul-

ties were noted and used in the preparation of the next phase's inter-
view questions, problems and observation schemes. £

(

i

At the end of the Phases III data collection, these r;lata were

- C
]

e-examined for overall explanatory evidence,

17



WORD ASSCGCIATION DATA
The word association test was designed to examine the mathematical
cognitive structure, that is, the relationships among the mathematieal

concepts in the students' memories. The data were aﬁalyzé;d by caleu-

Iating the relatedness coefficient matrices and by using the multidimen-

sional scaling procedure. The relatedness coefficient (RC) incorporates
th& response ffequency t‘;‘;{gjiv n stimulus word and the “overlap be-

tween response distributions for pairs of stimulus words. These coeffi-

cients, ranging from 0 to 1 inclusive, indicate the degré te which two

concepts are related in the student's memory. The larger the value of

the coefficient, the closer the relationship between the two concepts.

The formula fer galc:ulatuig the RC is

rRe= __ A'B
(A*B) - [P - (n-1)P}?
where A is a row vector giving the rank of the n words in A (the

longer list); B is a column vector giving the rankings of
words in the shorter list where the first term is again ranked
as "n"; ’

A is a row vector whose elements are the rank order of words
under A shared in common with B; B is a column vector
giving the rank order of these words in B;

P rerresents some fixed number greater than zero which may
be d-.termined from the shape of the probability distribution
of the responses. P was set equal to 1 in this study; all
portions of the subjects' response distribution received equal
weight. :

T

The word association data on Eai:h subject were converted to
20x20 matrix by obtaining the r latedness coefficients between each pair
of the 20 algébraié concepts. The matrix is called the relatedness
;:ﬂefficiént matrix (RC matrix). These RC matrices are symmetric.

When scaled, the RC matrices representépaint-s 511§E£?that the

interpoint distances correspond ‘in some sense to the relatedness

14



beiween the algebraic concepts. Two-dimensional scalings of the RC

matrices were obtained and the scaling solutions indicate graphically

how these concepts were clustered in the student's memories.

PROBLEM-SOLVING DATA

_ ) The problem soiving data were collected from the students who
used the think aloud method to sclve the three algebra tests. The data
came in the forms of notes taken by the researcher who observed the
problem solving session, tape recorded the studenis' speech, and
collected the worksheets the students used to solve ithe problems. These
data were coded and the general heuristic processes used by each
student were constructed. These processes were compared with the ones
taught in the Algebra I class and the ones suggested by other resear-
chers such as Polya (197 ) and Schoenfeld (1980).

SORTING TEST

No special procedure was used to analyze the Sorting Test data.
They were recorded as soon as each student completed the test. The
results of this test were compared to the results obtained from the Word
Association Test.
OTHER TESTS

The other tests were analyzed by checking the students' answers
with the keys to obtain the ‘number of correct answers. The incorrect

W,

answers were also tabulated for error analysis.
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iv. SETTING OF THE STUDY

The study was conducted at the Mission High School of the San

Francisco Unified School District.

THE CITY

g

San Francisco has one of the largest populations of ethnic Chinese
in the U.S. Since it is the port of entry for most Chinese immigrants,
San Francisco has experienced all phases and waves of Chinese immigra-
tion. Many have settled permanently in San Francisco and the sur-
rounding areas.

Since the passage of the 1955 Immigration and Nationality Act,
Chinese immigrants have arrived at a steady rate from Hong Kong and
Taiwan., Under this Act, they were permitted :;::3 enter the U.S. under
the provisions for family reunification or skilled, professional workers.
More recently, with the normalization of diplomatic relations between the
United States and the Peking government, ‘Chinese immigrants are
category. And in recent years, the political turmoil in Vietnam has
caused many Sino-Vietnamese to flee their homeland and settle as refu-
gees to the U.S. These different waves of Chinese irﬂmigraﬁts are all
represented in San Francisco, where forty-five percent of the city's
population is either foreign-born or children of 'fgréigﬁfbarn pa==uts.

It is estimated that 38 percent of the city's population have less

T

than a high school education, 45 percent have graduatedé from high

school, and 17 percent are college graduates. Of employed workers over

‘the age of 16, 25 percent are in professional or managerial capacities,

16
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55 percent are in skilled occupations, and 20 percent are in semi and
unskilled areas. A 1976 California Employm ent Development Department
survey revealed that 15,116 families in this city were below the poverty
level and that 44,113 persons in the labor feorce were ursm %layed.
THE SCHOOL DISTRICT

San Francisco has a unified school district with, at present, 15
high schools, 16 middle schools, and 76 elementary schools. Because of
severe fiscal cutbacks, the district has had to terminate the employment
of over 1000 teachers since the 1978-79 school year. Additionally, the
afterschool recreational program and the summer schoql program have
been sev=rely curtailed.

The student enrollment in the San Francisco Unified School District

(SFUSD) for the 1981-82 schcol year averaged 58,931 pupils. The ethnic

makeup of SFUSD was as follows:

o  Spanish Surname 9,883 (16.8%)
o Other white 10,255 (17.4%)
o _Black ' 14,017 (23.8%)
o Chinese 11,358 (19.3%)
° Japanese 718 - (1.2%)
o Korean 565 (1.0%)
.o American Indian 331 - (0.6%)
o Filipino 5,012 (8.5%)
o Other non-white 6,792 (11.5%)

.- THE SCHOOL

Mission High Scheol is located in an area of the city where the
hﬁpapulatmn is mostly Latino. However, the SFUSD is under court order
.té desegregate; each ethnic naghbfn—haad is dnr;deﬂ into sections and

students living in diff erent sectivci.: of a ne ghbarhm:d are -asslgn ed t

different schools around the city. Thus the student papulatmn at

"Mission High School is multlsethmz! As of Dctaber 24, 198L the student
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ts ethnie breakdown was
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population of Mission High School was

as follows:

oy

Spanish Surna\ég 682 (35.7%)
Other white \ 103 (5.4%)
Black { _ 330 (17.3%)
Chinese / 322 (16.9%)
Korean 1 (0.1%)
American Indian i2 (0.6%)
Filipine 244 (12.8%)
Other non-white 216 (11.3%)

200000

I

as a "Newcomer Center," where immigrant students are assigned when
they first arrive, Special programs and staff are available in the

Newcomer Centers to serve these students' language and other needs.

-THE ALGEBRA I CLASS

The Algebra I class met during the second school period from 9:25

10:25, However, the last ten minutes of the class were reserved for

(3]

t

o

school announcements from the public address system. The class was
on the second floor of the school :buildinggz i",Vhen school began, there
were 31 ‘students in the éi’ass :;and they were seatea theatre style, in
five columns facing th& :haﬁz‘baard The male students were all seated

the right

o}

on the left three columns and the females (except for one) o
two columns of the room. The teacher's desk was located on‘one side of
the front facing the class. Three other male students joined the class in

‘mid-November. They took up three empty seats. one on the male side

and two on the femaile side. The teacher, Mr. Wong, stated:that the

™y

male and temale separation was initiated by the students. E;;_Ecept for the

.three late-comers, he did not assign seats to the students.
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Throughout the study, the class was always taught as a group.
Mr. Wong usually began the class by lecturing. He would then ask some
students to do some problems from the text on the chalkboard and he
wouid ask other students to correct any errors, Other time;%. he would

ask the students to indicate which problems were most difficult on the

homework assignment from the previous day. Then he would ask some
students to do these problems on the board or if time was short, he
might doc these on the board himself. Before the end of the class, he
always assigned homework for the day. Students were usually very
attentive during this Algebra I class, being silent when the teacher was
lecturing. When some students were doing problems on the board,
others tended to talk among thems’élves, but conversation usually in-
volved the problems on the board or other homework problems. The
noise level was never excessive. The teacher said that this class was
exceptionally well behaved and that the early time of instruction helped

_to enhance the students' attentiveness.

The text used in the class was Algebra: Its Elements and Struc-

ture, Book I, Second Edition, by J.H. Banks, M.A. Sobel, and W.E.

Walsh.

THE ALGEBRA I TEACHER
The teacher of the Algebra I class was Mr. Wong. He is an immi-

grant and has lived in the U.S. for almost twenty years, arriving in

University for two years and then transferred to Univefsit!f of Washing-

ton in Seattle where he graduated with a Bachelor of ‘Scienee degree in

:physix’:si Then he spent a year and a half at the University of



Washington to complete enough credits to enter the graduate program in
physical oceanography. Unfortunately, the funding for that program
was decreased and the research division closed,

Mr. Wong then moved to the New York area. For a summer, Mr.
Wong worked on a hospital rerzarch preoject which utilized knowledge of
" chemistry and physics. He then moved on to a teaching assistant posi-

tion at Essex County Coliege where he conducted .a physics lab course
for two years. There, he says, he was active in community affairs
dealing with the school district and Chinese immigrant students.

In 1972, Mr. Wong moved back to the West Coast. Initially he
taught Cantonese at Stanford University for one quarter. He noticed
there was a demand for bilingual teachers so he began work as a bilin=
gual teacher's aide at one of the high schools in San Francisco while he
studied for his teaching credential at the University of San Francisco.

After obtaining his teaching credential, he taught for one year at the

middle class black neighborhood. Then he transferred to teach at

Mission High School.

At Mission High, Mr. Wong has been ieaching the college prepara-
tory bilingual Algebra I class for 4 years. Because it is a college prep
course, he felt it was necessary to stress basic concepts such as the

real ﬁumﬁgﬁ-ggse and factorization. He felt students must obtain a grade
of C or better if they were to proceed successfully along the% ge

prep track.

: ‘Mr. Wong's attitudé was that math should be an analytical and not

a mechanical process. He favored theriﬁdﬁﬁﬁve method. Once he had -

‘shown the students how to solve the problem, he expected the students
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to be able to do the work by analvzing the problem and asking ques-
tions. He wanted the students to be able to discover for themselves,

where and why they made an error. Thus he guided them to the solu-

tion by econtinuously asking them guestions, -
Because the English- c@mprel;énsicn levels of his students was
limited, Mr. Wong found that he had to convey the text material largely
through lectures in Chinese. However, his experienée indicated that
once the students had mastered the first five chapters, it was easier
for them to understand the later chapters. The main problem he saw for
the students was understanding the concepts and *hen being able to

apply them to a problem. Examples of pfébléfﬂr topics that he cited were

absolute value, inequality, proofs, and theorem.

THE TARGET STUﬁENIS _

Twelve target students were identified by the sample selection
procedure and agreed to participate. However, during the Phase I data
collection, three students dropped out claiming lack of time or other

QQmﬂfltan/’iitS leaving nine students. In the second semester, another

/ ,

/ - - ) .. e
target student left the school to attend a community college. The other

. / \ . .
eight students continued through the study and completed all three
phaseé of data collection. The profiles of these eight students are

incluﬁed in their case studies.

/
/
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V. FINDINGS
In this chapter, the eight case studies are synthesized and the
sults summarized. As was described in Chapter II, the multiple case

st de design of this research enabled the researcher to examine many

factors related to t’he mathematical learning of the Chinese immigrant
students. However, two caveats are required for the iﬁtéffpfétéﬁﬂﬁ;ﬂf
the findings. First, the nature of this design (thev’sﬁall'::fs,arrhéle size vs.
the large number of factors) limited the ger;sr‘aliéaﬁiiigf‘afﬁthe findings.
Consequently, many of them should bé;——v;iiiﬁ;;igred as hypotheses for
further validation. |

Second, while the findings were generated from ezg ht Ghme:e
immigrant students, they are probably not unique to this group of
students. The researcher provided an extensive description of the

research setting and the tzrget students to allow others to interpret the

findings accurately and to apply te other settings and contexts,

THE TEACHERS

The study originally intended to study only one teacher, Mr.
Wong. However, during the se.ond semester, two of the target students
were transferred into another Algebra I class taught by Ms. Hall. Ms.
Hall was unreceptive to the study and at first, r:efu;ed to let the
reseaz:éher to observe her class. It was only after repeated requests
that she reluctantly allowed the researcher observe her class twice.
:And of course, no interview was granted, Therefore, the data collected
on Ms. Hall was limited and was largely based on the inte *g ews of the

two target students in her class. o



The “wo teachers hnwed extreme differences in their teaching

styles and their approach to the course content. Mr. Wong was com-

pletely in tune with the spirit of "modern" mathematics. He,ﬁ]asﬂv
P y 1 p .

followed the content and approach of the textbook, placing? a great

I ‘emphasis on understandlng. "in his interviews, he sald “that it was more
‘H' lmpartaﬁt for the students to understand the concepts than to simply
know how to do the problems. He also said that the first three chapters

of the A]gebra I textbook w the most important part of the course

tor they introduced the fundamental algebraic concepts. The students

had to master these three chapters. Otherwise they would fall further

and further behind as the course progres

sed, and would have trouble

taking more advanced courses. Mr, Wong liked to use the inductive

method to teach. He said that the inductive method seemed to capture

the students' attention and motivate the students to think more. The

students characterized his instruction as clear but said that he alway

e

made things prnfm’md and i;c:mp]it:atédi Mr. Wong was quite relaxed in

the d:lsclphne nf the class, and there was much student=ta=stuéent

mteractmﬁ, especially during seatwork., ngever. the tﬂass was

usually
attentive during his lectures. He said that this was an exceptional
class in behavior and not typical of other classes he had.

Ms. Hall, on the other hand, seemed to be the antithesis of the
“é@dern“ mathematics teacher. Students had 5i,aié_that she was not too
good in mathematics and that she never taught any of the more ad-
vanced course. However, the researcher féauid not verified this infor-
matiﬁ:ﬁ i'withéut Ms. Ha’ll's';;aéperatiﬂn.!-‘fhaﬁgh she used thé étaﬁdard-
algebra textbook, she freely omitted tapu:s or ::hapters she cansidered

unlmpartaﬁt. l.;ilsuallj,rﬂ the tapms she omitted were the fundamenta]




algebraic concepts or those related to them. Thus, she only briefly
touched on the first taree chapters of the text, dld not introduce the

number line, and omitted all the materials on graphs. Her main objective

for the course was to gst the students to Préflzleﬁtlydafp;c:blems

involving factoring. She was very strict in discipline, and her class

(o
i

was always quiet during her lectures and seatwork assignments. Ms.
Hall also emphasized that the students should follow the exact proce-
dures she taught in the class and was concerned with the neatness of
her students' work.

The extreme differences of these two teachers indicate the extent
to which teachers influence the math matics curriculum. Despite all the
size understanding and teacher training, there are still classroom

eachers teaching the algebra currlculum of the fifties.
THE TEXT

The textbook used in the A Algebra I class was Algebra: Its Ele-

ments and Structure, Book I, Second Edition, by .T H. Banks, M A.

Sobel, and W.E. Walsh. The book is typical of many éémme'rcially avail-
able algebra texts.. It begins by introducing the basic concepts of sets,
the real number system, and the number line. Next, it utilizes the

umber line to introduce the four operations and their properties. Then

o

t moves into open. sentences, graphing linear funeti@ns. equations and
-q alities, palynmmals and factc:nng, quadratlc equatmﬁs and 1nequa=

lities. The ]ast two i:hapters of the bngk are on lggn: and trlganametry;

Neither Mr. Wong hor Ms. Hall cavered these chapters. Althaugh the

study did not specifically examine the textbmk, it nevertheless camée up

=



with several observations that might guide future curriculum develop-
ment efforts.

First, there are a large number of problems covering almost all

e

aspects of the content. However, the number of problems related to

each topic seemed to be arbitrarily determined and not based on empi-
rical data on the students' need for practice. Maybe the authors had
counted on the teachers to assess students' needs and to adjust the

homework and classwork assignments accordingly. However, the two

teachers observed in this study did not tailor assignments to the stu-

dents' needs. Instead they usually assigned the odd numbered or the

even numbered problems to the students, thus preserving the propor-

tion of problems assign ed to each topic by the textbook authors.
Second, several of the students complained about the concentration
of the fundamental algebraic concepts in the first three chapters of the

book. The range of new concepts in these initial chapters seemed to be

After the first three chapters, these concepts gradually disappeared

trom the text and were corres panchngly forgotten by students as the
school year prcgressed. If tle fundamental ;anﬁegts were distributed

across more chapters and integrated into other topics, instruction may

be more effective.
Despite the treatment by the curriculum of the real numbers as a

system with specially defined operations, the students did not seem to

acquiiﬁe this way of thinking. The four basic operations and their

accompanying préperi S .were stﬂ] something assaciated uﬁi "Liely and
naturally with the real numbers and niot an arbltrary system m. This can

-
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demonstrated by the target students' performance on the following

problems.

" - The operatic.: * is defined as : a * b=2a + b _
Is * commutative? Why'? -
Is * associative? Why .

'N;:)'ﬁ‘e of Vﬂrie— target students cauld da thls pr Dblém. Iﬁ fact none Eif
them t:ﬁxuld understand what * was. They were all perplex ed and .kept
faskirlgwﬁether * was additian or mi.-ﬂtiplitzatiaﬂi

Third, the chapter on graphing linear functions was ineffective. It
introduced formulae on how to calculate slopes, distancés, midpoint,

etec. However, most students could not recall these formulae or confused

one with another after a month and were unable to do the related pro-

iLlems. They were not able to derive the formulae or to check whether

sis of the c:haptér and its accompanying exercises ‘fm the application but

not on the understandin ng of the fermula_

The characteristics of the students merit some discussion here.

The Algebra I class was a Chinese/English bilingual class, and all the

students were iimited-English~proficient Chiﬁese students., The course

- was the first in the college prep mathematics series offered by the

school. However, observations ‘and test results indicatéd the Chinese
students in the class were quite varie? in the:r mathematics abilities. -

The e;ght target students reflerzted this diverse mathematms back-
graund The Egear‘chéf int rv;ewed these students on why_they were
taklng the Algebra I class. C)f the elght. only two 1nd1:ate§ that thexr

‘career choices required them to enroll in the ecﬂlege PTEP series. One

[
[~
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student said that he excelled in literature in China and had wanted to

be a writer, and the others did not indicate any preferences. They said

(2 Chinese American) and were told that it was important tg learn more

mathematics =since they were not proficient in English and all the cai—'eer

opportunities available to them, becauss of their limited English profi-
ciency, required mathematics trainings.

The students Vwe:jre also characterized by their diligence and eager-
ness to learn. All eight students said that they usually spent larxg
haursiagter school studying and doing tEe homework as:sigﬁménts. They

also said that they actually read the examples in the Algebra textbook

at home. They admitted that it was a difficult task and’ they wnula

canst,,ﬁﬂy use the dictionary to check the wa:ds that they did not

understand. One student said that she read the entire chap'er, text
and examples, to ensure that she did not miss anything. This diligence
probably reflects the immigrants' belief that they could gain upward

mobility in the U.S. through education.

THE WORD ASSOCIATION TEST _

The students' responses to the word association test were per-

lexing. The test asked the students to Write down, within one minute,

as many mathematical words/concepts as they could think of that were

explanations on the test and all of them responded correctly to the two
pfactige items before the actuai test. Hawever, in the actual testing,
-five nf the e;ght students fa;led to give the. appraprlate type af res-

'pﬂnse to the test. Instead of writing down related items, they wrote

27
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down either explanations or examples of the stimulus words/concepts.

One could attribute this behavior to the immigrant students' lack
of familiarity with the Uﬂusﬁal,taskdemam;l_s__gjmgy};g;}zé_i; responses

indicated that the students did not perceive mathematics concepts to

exist in an interrelated structure. For them, each concept was inde

responses. This 1- sult was apparently not related to the students’

three students, one was a high achiever

m

mathematics ability. Of thes

[l

a low

]

from Hong Kong, one an average achiever from Saigon, and on
achiever from Hong -Kong. Classroom observatiom. ~howed that the three

did share one commonality: they were more eapsr - learn what was
taught in the Algebra I class than to app}y what was learned before

they came to the U.S. They were also the ones who used more of the

methods and procedures taught in the Algebra I course. to solve the

—problems. during the individual work sessions.

This result also indicated that being able to conceive mathematical

concepts in an interrelated structure is not related to the students’

understanding of the concepts. For example, two of the target students

~were among the best mathematics achievers but failed to give any

appropriate responses to the Word Association Test, and one student

prablem solv i’A ng session. The students nability to see th

among various algebran: ﬁan:epts might also be due to



given in the text which were usually narrowly focused and required the

application of only one concept.

THE SORTING TEST _

This test was siraightforward. It asked the students to sort
twenty-eight words/concepts, each written on a 3 x 5 card, into related

pilzes. The students had no difficulty in completing the task. The most

interesting result was that the three students who gave the appropriate
responses to the Word Assaﬁiat on Test grouped the twenty-eight con-
cepts into only six categovies, while the others had from eight to ten

groups. This implied that the twenty-eight concepts appeared to be
more interrelated for these three students than for the others. The
results of the sorting test correspond well with the Word Association
results. One must note, however, that the Word Association Test was
administered in December, the third month of the school year, when the

students were first introduced to the algebraic concepts, and the
Sorting Test was administered in June during the last week of school
when they had two semesters of instruction and experience with the

concepts.

UNDERSTANDING V5, RULES

While Mr. Wong focused his instruction on understanding concepts
and did not teach rules which could expedite problem-solving, the high
achievers, nevertheless, were able to disgaver many of these rules by

themselves. They dld so0 whﬂe undertak;ng the ‘numerous homework

&

asslgnmentsg But this dlscavery‘ process did nut hald true ,far the Iawef.

'achlevers whp usually learned only what they were taught and were not
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able to derive the shortcuts by themselves. The following problem
illustrates this:

Find the solution set i7x{4;

The procedure taught in the class, which was also thg procedure

used by the lower achievers, was to find the solution to the equation

=4/7. Plot the point, -4/7, on the number

=7x = 4 which yielded x

line. Find any two points on both side of -4/7, substitute them back in
the inequality -7x< 4 to determine the solution set. However, the two
higher achievers did the problem by moving the coefficient =7 onto the
right hand side of the inequality as the denominator. Because the
coefficent was a negative value, they reversed the inequality sign.
Wh‘e,n interviewed, they explained that they had discovered the rule

themselves; and they were able to show the researcher how they
arrived at the rule.
Conversely, if the lower achievers had been taught only rules,

- they would probably learn to do the problems accordingly bLut without

nderstanding the reasoning behind the process.

How about the higher achievers if they were taught only rules?
They are likely to be able to discover the reasoning behind the rules

nd especially if the exercises facilitate the discovery. But due to the

W\

ack of such problems and tasks in the textbook, the discovery would

\H\

not come as easily.

e |

EFFECT OF PREsUrS— MATH LEARNING
A commen chafa::terlstlc of the matherﬂa‘tms turrlcu]um taught té6
the study's eight target students before they came to the U 5. was an

emphasis on tests. The educational systems of these students' home

30



countries were all very competitive, T“Every studnt had to pass a series
of public examinations in order to ga—in entrancto higher levels of

schonling. Thus, the main objective c——f the teacers was to help the

students obtain good scores on the e—=caminatiomns Mathematms was

taught with the same objective; teacl=ers concenrated on ﬂi\;students

bowuu

g‘
£a

learned many rules and formulae to s-:olve differmt types of problems
expediently. Because they were accus=tomed to this type of orientation,
the students were perplexed by the c=urriculumtught by.the Algebra I..
teacher. In general, they said that tBEhe explanalins were clearer, but
the way they were presented made tl=me conceptstoo profound and
complicated. When the homework assig=nments cald be done with the
rules and formulae they had learned Tbefore immjrating, they would
ignore the methods and procedures tammught in fh class and proceed with
their own methods, Consequently, the=y would _,fn’rget most of what was

taught in the class,

Since the Algebra I teacher, Mr.— Wong, wiquite relaxed in his
style and allowed almost free stiidégtﬁtc.n‘studént interaction within the
class, there was much peer teaching #En the clas Consequently, many
of the rules and formulae, thm.igh not= taught Eny the teacher, were
transferred from one student to anotlmmer. Havingacquired these rules
and formulae to facilitate their probler=m solving, the students would

abandon the prncedures learned in cla=mss, whichwre usually more

cumbersame .

Y I

A second aspect nf theu‘ paEt EX}EF‘JEEE§ in mathematlr;s was stu-

. . X B ; =

dent unfamlharxty with prab]ems that ~did nc:t ask for a spe:;f:u: snlutmn P

‘or a set of solutions, that is, problemmms that askd for proofs or
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erplanations. The students had seldom ﬁﬁzountered such problems in
eir home countries, and many were lost when faced with such tasks.

They did not know know to write proofs nor did they kﬁ@’ﬁf%@ﬁf to

" write an explanation. For example, none of the tarzet studéys was able

7 N Qta “do the fallamﬁg prt::b]ern, o

Problem 1I-18: Is the following proof carfezt? Why?

Let x = 2 and y = 1. Then,
" xg=23v+yzgx?=2xv*ﬁ
x? - 2xy + y? = y? - xy + x?
x - y)2=(y - x?
(x - y) =(y - x
2x = 2y
x =y
2=1 ey
The fcuawing is a comparatively easy problem a d most of the

students gave the correct answer, none of them were able to write the

explaﬁatiaﬁ .

Problem I-3: True or false? Why?
Ifaxo0, b{‘ 0 and lal > 1bl,
Then a + b = =(lal - 1bl)

Third, unlike the U.S5., the studenis' home countries taught

thraugh algeb , th ugheut the secandafy school years as part of an

integrated mathematics ﬁufﬁculum.; Therefore, most of them had some

dursory introduction to many algebraic concepts. - This seemed to give a

false confidence to the students, especially the higher mathematics
achievers, who tended to think they had already mastered the subject

and did not pay attention to the class.

% PROBLEM- SDLVING GHARAC'I‘ERISI‘IGS 7
The e;ght target students broadly f@llawed t}.ug g aféprablem

solving procedure suggested by G. Pcﬂya in hls book, ch to Solve It.

"The procedure consists of faurfstepsg (1) try to understand the




problem; (2) =find the connectio=n between the data and the unkrniown to
develop a sol=ztion plan; (3) ca==ry out the plan; and (4) examine the
solution obtairaed. However, the= students also used strate egw,rth

-, mentioning. E
-i Since all the eight student-=s were of limited-English- prs:‘:ﬁczency,mf —
they would fir—-st read the word problems as they were written in Eng-

lish and then 1isually reread the= word problems again in Chinese to
ensure that tt=ey understood thee problems. The ways to which their ;,,-fa

d
English proficRency affected une anding of the problems differed

. English did no»t.seem.to_affect. c—omprehension much. Somehow, they were
~able ‘o decode the mathematics =ainderneath all the words. The lower
achievers were= more dependent omn their English proficieney. They
usually said ’ffi{at they did not tmenderstand the problem because there
was one or mo—xe English words -that they did not know. But often,
after the rese==axcher had transla=ted ever’y word to them, they still
would not unde=rstand the proble=m.

Secondly, as was discussed™ earlier, the students tended to a Pi,l—'
more rules apdE formulae than st—rategies suc:h as trial and error or
diagramming. E3u! since there w==as no comparison group, this findizng
m1ght be a fun_ction of the probl _ems and not the students. ! |

VL tly, ex=cept for one, nor=e of the gtudents had the habit of

checking the reesults or solution— Maybe this was the result of training

in their home \:ﬁmntry where spe=ed was emphasized so that they could

O TR

"do as many preblems as pﬂSEIb]E ‘within a time limit, a skille -g t was

=

essentla] to a}:ﬁammg good score=s in examinations,




ol

GRAPHS
The topic of graphs was especially difficult for the students., Th
eight target students were not able to do most of the graph Erablérﬂs

except for the straightf@rwa:‘d ones which asked them to plat; lines of

Eﬁf writmg éawn several number pairs and draw.’mg a line thraugh thé

points. Any graph problems that were somewhat unusual would presen
many difficulties to the students. For example, none of the students
were able to do the fallg\r.rlﬁg problem:

Problem II-5: Graph all points (x, y) such that x and y are both
' between 1 and 2.

One had the feeling after observing these students that they realy
did not grasp the felatmnship between two dimensional space and its

mathematical representations. However, this difficulty in graphing migh

be true for all students and not only for these immigrant students.

RECOMMENDATIONS

Teacher education. The differences in the teaching styles and

objectives of the two teachers obsérved in this study have profound
implications fc:r pre-service and in-se of mathematics teachers. If .
the "modern math"” curriculum is to be represented by today's mathe-

not be treated superficially or ignored at will by the teachers. This is ‘
especially important in light of the current mathematics teacher shox- i
tage. To fill vacancies, many schools have assigned teachers with no

.formal mathematics training to teach mathematics. One wandgiifs what

type of matlematics is being taught to the students in thesé classes, A
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concerted effort is needed to attract more people with proper mathe-
matics training to enter the field of education.

Text. Several areas of the mathematics text could be i@faveéi
First, the number of problems included in the exercis htt 11d be

Teachers should be given guidance on how to asslgﬁ

-3 - L ,

problems. This seems to be an area that merits further research in
order to guide curriculum revisien efforts. There also seems to be an
overabundance of problems emphasizing the gpphcatmn of concepts

rather than the understanding of the concepts. By utilizing problems

which would develop a more conceptual understanding, the students'
comprehension of concepts might be increased.

Second, the fundamental algebraic concepts should be mtradutzed
more gradually and integrated with other topics of the text. This &rguld_

avoid overwhelming the students with toc much too scon, allow for the

learmng of the concepts in more diverse and relevant contexts, and

prevent the teachers from ea sily skipping over the material in their

Third, the chapter on anai}ftical geometry seems to be isolated and

places special emph351s on apphca ion of formulae. The students did not
seem to be understand the derivations of the formulae and tended to
forget or become confused with the formulae once they moved on to

other chapters.

Problem Solving. To improve the performance of the lower achiev-

ers, the findings suggest that they should be introduced to rules and

ol
Sp

*  formulae which would expedite their problem-solving. Howev chr » these

A

rules and formulae must I:E introduced only after the stud s have
‘grasped the concepts, and in such a way that the students understand
35



their derivations. Ot hérygsei as the study suggests, the students will
easily forsake understanding for convenience. XEE

x

nl

Teaching Immigrant Students. Teachers of Chinese immigrant

stucje:r.n:si at least thnse fram Smu'h t Asia, must place gr—%at emphasis

concepts in their instruection. Since

;Enn the understanding of mathematics concepts in >

- Teachers

el Lw

most of these students have been taught to apply rules and formulae in

doing problems expediently in tests, they tend to proiect an impression
that they are all high achievers. However, their ability to obtain good

scores in examinations or tests does not imply that what they have

learned matches the Dbjectives of the U.S. mathematics curriculum.

st be sensltlve to the speclal needs of these students and

tailor instruction to guide the students into the essence of the U.S.

mathematics curriculum.

Other mathematics ggu”sgs Many of the lower achieving students

who were placed in the Algebra I class were overwhelmed by the many

abstract conc epts and the "profound™ way by which the basic number’
properties were explained. These students could benefit from a
pre-algebra course where the fundamental number theory and properties

re treated in depth but gradually. This course would help the stu-

dents master the basics and facilitate their learning of the Algebra I

m

curriculum.

LT
o~

[
[~

40



Kung-Mon Chang, an immigrant from Mainland China, came to the

U.S. in November 1981 and entered Mission High School an ;;lghe Alge-

b

by Mo \l\

f‘,lf‘ the Four-District area of Canton, the hﬁmalandikaf most early Chinese

immigrants,-and was part of the large group that emigrated after the

normalization of relation between the U.S. and the Peking government.
Kung-Mon came with his parents and an older brother. Both

parents had been teachers in China, the father at a middle school and

‘the mother at a n elementary school. After afriv’ing in the U.S., the
‘father was working as a salesman in a grocery store and the mother as

sewing factory.
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Kung-Mon had studied algebra for three yvears, since thes seventh

grade. It was taught in China as part of a six-year series in an inte-
grated, middle-school math curriculum (which, according t¢ Kung-Mon,

was replaced ’b’y: a éégrégatad one similar to that of the U.S. in Séptem*

(=

er 1981). In China he had attended a prav:lnclal “maln—pmnt“ middle
school, established after the cultural fevalu ion to offer the higher
a more vigorous curriculum. Admission to these schools is by

Pprovince-wide testing. In Ghi:%giKgngj-M?g'E favorite subject at school

was literature, but his mathematics was also cnn51dered very gcéa.
. PERGEPTIDN OF ALGFBRA 1
: Eung—MQn thnught thiat the content of A]gebra I was smular ta that
iﬁ China. Thé course here was, hawever;,_easaer,

of courses taught ir : . .

‘with slower pace of instruction, less homework, znd less éampetitive
Ty



textbook in China, and his objective of staying in this class was to

learn the English (which he considered a very difficult but” %s most

=

T - urgent task) without worrying about the mathematics. He s:aE that he

?had dlffn:ultles with the concepts taught in the class because theywe

usually a sociated with many English words. He thought that the in-

structional method was different frt:nm that in China, but he could not .

pinpoint the difference.
When asked about the first three chapters of the text, which he
ered the class late, "he said that he looked at the .

missed because he en

prcb‘f‘ms in the exerclses. thaught he caﬁrlcii ‘do t thern and did. not

bothered with them anymore.

- After a month in the class, Kung-Mon had become known as a high

achiever in mathematics and became the central figures with the stu-
dents sitti ng around him. He usually finished the seatwork assignments

very fast and would help other students with their work or work on his

not very attentive cluring

o

assignments from other classrooms. He was

instruction, and would sometimes engage in i:sther actiyities while the .

teacher was lecturing. For example, he would be reading a boo with

o

the help of a dictionary. He said that since he knew the c:ciﬁte )

already. he wauld rather use the time to learn more Engllsh words.

overall, the teacher awarded -him an A for the course, saying that he

i was one of the best mathematics achievers in the class. -




TEST SCQRES

Aﬂthmetm Reasoning: 8/10

Piagetian: 50/72 ) %
General Ability Test: Analogies 15/24 :%7
ot Computation 14/26 =E
Y - Classification 16/26 7y
"E Course Grade: lst semester/A-
T 2nd semester/A
WORD ASSOCIATION TEST
Because of his handicap in writing, Kung-Mon gave the responses
to this test orally. The answers were tape-recorded and transcribed

into the test booklet afterward by the researcher. Kung-Mon encoun-

tered no difficulties with the two examples of "mother" and "tiger."
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examples planations.
Examples:
INEQUALITY: 2 #3; 3#4; 5 #4; 748; ........., stc.
1

EXPONENT: 27, 1 is exponent; 22, 2 is exponent; 42, 3 is
exponent; ......s:.; etc.

researcher twice reminded him to try to think about more diverse

. responses. -He also- fa;]gita -gave- any— response to the concepts @ and

VARIABLE., Kung-Mon commented later that an empty set consisted of __

=3
2

no elements, so he could not gave any response. He also said that he
had not encguﬁtered the concept VARIABLE before and was not sure

what it was. Because of the inappropriateness of his respo

oy
[}
ww‘"
T
[y]
-
2

further analysis was performed on his word association data.
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SORTING TEST

Kung-Mon sorted twenty-seven of the twenty-eight c concepts into

'w

nine groups. The concept IDENTITY was not sorted into an y‘ Eroup. He
said that he was not familiar with this concept because it was taught at

the beginning of the school year prior to his arrival in the U.S. The

Group Words/Concepts Nﬁa,rqefgfﬁéraup
(1) Graph, +, —, X, -, <, >, n, v— Math symbols
(2) Point, Plane, Coordinates, Line Geometry

(3) Commutative, Associativ Distributive Pr@pertiés

(4) Rational Number, Polynomial, Equation B

(5) Absolute Value, Exponent, Radicals

(6)  Quadratic, Element i »Unclear )
(7) f‘actar

(8) Set

() Slope . ; J

PROBLEM SOLVING

Kung-Mon's problem- se::lv:ng process fnllmared for the most part, to

the three general steps su ggested_ by Gagne (1980). However, the

following are several special features of Kung-Mon's problem solving
process:
(1) In the first step of the problem-solving process, reading and

understanding the ,r@blgm. Kung-Mon always introduced an’ additional

step of reading the problem a second time in Chinese, and sometimes
£ . , ) ,
wauld ask the researcher for an explanation of ‘certain English words.



(2) Kung-Mon tended to use rules or formulas he had learned in

Problem I-12: Find the solution set fgr x4 4.

The method taught by the teacher and th:é textbank

was to solve for x in the equation -7x = 4, and mark the solution

N q|

(-4/7) on the number line; then take any point on either side of

the point -4/7, test if it satisfies -7xg< 4, and determine the solu-
tion set by means of the number line.

As soon as Hu ung- Mon saw the problem, he used the rule of trans-

ferring the coefficient (-7) of x to the right hand side of the in-
equality as the denominator and reversing the inequality sign
because the cecefficient was a negative number. The solution was
arrived at immediately, in comparison to the lengthy process
taught by the teacher and the book.

Problem I-10: Find the solution set: Ix - 11 = 3,

KunE—Man' The teacher and the textbook used the number line to
arrive at the solution to problems 1rxvglv1ng absolute wvalues.
Kung-Mon, however, automatically divided up the p’r’éblenz into
two, (x-1) = 3 and (x-1) = -3. He!then found the numerical
solution to each of the two problems. He never referred to the
.ﬁumbgr_line for the solution. _ e |
Problem II-17: Two cars start from the same point and travel in

opposite directions at the rate of 25 and 35 miles per hour, re-
spectively. In how many hours will they ke 330 miles apart?

Kun '=Man- After réadjng the problem three times (several words

o bl

at a tlme. first in English, then in Chinese), he proc gded to -

LRI AT
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draw the following diagram to help him understand the problem:

—_— —1
o

=

"
[

carl - 35 carZ - 25

The method of drawing a diagram for this type of waré.prablem

’ was not taught or demonstrated in the course (established from
teacher interview), nor was Kung-Mon a frequent user of diagrams
in problem solving. In fact, other examples showed that he seldom
did so. He later commented that he had encountered this type of
problem in China, and his mathematics teacher had shown how to
use a diagram to solve the problem. @ S
(3) Kung-Mon always attémpted the problems with the rules he

learned in China and would only resort to the new methods taught in
the Algebra I class when his "old tricks" did not work,
Problem III;S= Graph the solution set x? - 4 > 0.
Kung-Mon: He solved the Equatmﬁ x2 - 4 = 0 by factoring and
arrived at the solutions of xy = —2 and x, = 2 He E}’ﬂttéd the two
points, -2 and 2, on the number l:me but c@gld not_ gdj,’.'zfn ine_
which parts of the number line represer’xted the solution set. After
examining the number line silently for a moment, he decided to use
the rﬁigs taught in the class: if ab .}_D then either a >0 ?EFIT,,EEP y
or a{ 0 and b<{ 0. By applying this rule, he arrived at the solu-
tion that x<{2 and x >-2. h | ' o
: Prﬂblem II!ZQS Fat;tar 8433 + 135xy - 264y?
2 KunE—Man He 'te down x vy )

3
‘“14
vl

and 264 as

(]

and tried to put d:fferent :nmbxnatmns of fat:tars of 84

coefficients of x and y. However, begause of the large number of
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combinations, he was not able to arrive at the correct answer. He
then began the problem again using the method taught in the class

of transforming the polvnemial into a form with a perfect square as

- the first term. He wrote: .
B 84x? + 135xy - 26dy?
= (1/84)[84(84x? + 135xy - 264y?)]
= (1/84)[(84x)? + 135(84x)y ~ 264(84)y?]
Then he proceeded to factor this quadratic form, though equally
without success,
(4) Kung-Mon tended to associate alphabet variable (except for
the three letters x, vy, and z) with positive numerals.
Problem I-4: Under what conditions does la + ;b] = =(a + b)?
= 0. He said
that he arrived at this answer because he had associated the letter
variables a and -b with positive numbers,
x2)t = »
= a (x>0)
= -a (x<0)
(5) Kung-Mon had difficulty doing the problems that-required a
proof instead of an answer or a solution set.
Problem II-13: The operation * is defined as: a * b = 2a + b
' - Is * commutative? Why?
Is * associative? Why?
Kjﬁg;'M,fgz He looked at this problem and could not figure out
what to do. Eé had difficulty undérsta,ﬁdiﬁg what * is, and did
_’ not know how to prove thé three basic prépefties_



Problem 1I-18: Is the following ¢

- ) Let x = 2 and

x?Z = 2xy
2

x? = |

rect'? Why?
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Kung-Mon: He did not know how to approach the problem. The

researcher told him to check the series of equations to see if they
were correct, but he could not detect the error. Finally, he
substituted the x's and y's with the 2's and 1's to check if each of
the equalities was correct. He found that (x-y) # (y-x) and
' pointed out that was where the prooi was incorrect. But he did
not see that the inequality was due to the multi-root nature of

[(x-y)2]* and [(y-x)2]%.

(6) Kung-Mon had many difficulties with the two-dimensional
graph. He ecould do the straightforward types of problems which asked
him to plot linear rrar quaératiz equations but he was unable to visualize
relations among large ﬁumbers of points on a graph. Towards the end

of the SEhDDI year, he seemed to improve and was ab]e to do some cf

the two-dimensional graph prablemsi

Problem II-5: Graph all points (x, y) such that x and y are both

"between 1 and 2..

YT TR
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Problem I1-8: U = [1, 2, 3], graph [(x,y): y>2/x].

Kung-Mon:

=
=
3 =

e

( ,
_— l_ez s

Problem II-10: Graph the solution set of x + v =1,

1 - %, and de-

Kung-Mon: He transformed the equation to y
rived two points, (i,D) and (D;l);,He plotted a straight line

through these two points (the correct solution). But after looking
at the line for a while, he deleted it and drew another,which was

incorrect.

vy,
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Problem II-12: Graph [(x, v) : y(lx + 1I]

Kung-Mon:

"y
s

X
o

Y <—Cxsl)

Problem III1-10: Graph y» (x - 2)% + 3

Kung-Mon: He wrote down a series of number pairs, plotted the

graph and shaded in the solution set.

o

woukoe
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(7) Kung-Mon is very good at the basic algebraic operations.

Problem III-5: +
l 2 a‘ - 4 a+ 2

Simplify Ei 1 + o

a

\h-l\

Kung-Mon: He was able to go through the problem int h

ing concise steps.

e L, . 3
oy (R (@-2) ¢ Db (3 a-2)+ m@(a%g)

"y [T I

= 2044 4 | —+ 34-46

—

— SAa—|

(8) Kung-Mon seldom chec keda his answer, especially when there
did not seem to be any d;fflc 1lty in arriving at the solution(s).
Problem II-6: x = (x - 2) + 4, x = ?
e er oM ; 1 : ' i (x = 2)% (4-x),

an incorrect step which did not affect the solution to the problem.
He then squared both sides of the equation, transformed the
equation into the x2 + ax + b = 0 form, factored the quadratic:
equation, and obtained the answers of x1=3 and x2=6. He was not
aware that there is only one root to the equation and he never ’

bothered to substitute the answers back into the equation to check

for correctness.

CONCLUSION

Kung-Mon was a high mathematics achiever in China. E:,e had had

duced, though with differernt emphasis, to most of the curriculum
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contents of the Algebra I course. He had a very good command of the
manipulation of basic algebraic operations, and was in good control of a

set of rules and formulae to solve algebraic problems. Howevkr, his

ey

- knowledge in algebra seemed to have interfered with his 1em1ﬁg of the

contents taught in the class. Because he could do many of the problems

he classroom instruction during which the instructor, Mr. Wong, would

‘H"

give lengthy e xplanatmng to reinforce the students' understanding of

the algebraic properties and structures.
Kung-Mon was especially weak in the problems involving proofs
and graphs. Perhaps these two areas were not taught in the first three
years of the algebraic curriculum in China. However, since these two
types of problems also required more abstract reasoning involving

pts, the problem might have stemmed from Kung-Mon's

algebraic conce
lacking a good understanding of the algebraic properties and struc-
tures. This lack was corroborated by his performance on the Word
Association Test, where he was only able to give examples and not

other mathematical concepts in response to the stimulus concepts

Wl ey |
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VII. CASE STUDY 2: WINNIE CHENG

Winnie Cheng came to the United States in the lat

m
o
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from Hong Kong. Of upper-middle class background, she and a younger

sister were staying in a relative's home in San Francisco. Her parents

r—smained in Hong Kong, where her father was a police inspector and
her mother a housewife. Winnie and her sister came to the United States
for a beiter educational opportunity, but ironically, Winnie had attended.
one of Hong Kong's most prestigious middle schools, known for its

students' academic achievement, and she had learned algebra since the

fifth grade as part of the integrated school mathematics curriculum. She -

said that she was among the school's better achievers and that mathe-

matics was one her best subjects. Her main interest, however, was in

biology, and she wanted to become a doctor.

PERCEPTION OF ALGEBRA I

ber system in more depth and gave everything a name, and thus mak-

.ing a formal system. She had learned all those properties before, but

now she also learned their names. Winnie thought that the Algebra I

where they taught more in a day and gave more homework. She did not
encounter much difficulty except with several concepts Whlf:h she had
not encountered in Hong Kong, such as absolute value .anld graphs. But
even theée, she said, she deveiaped a good understandingg of after a

‘while. However, since mathematics was taught entirely in English at the
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school she had attended in Hong Kong, she was not quite accustomed to
the Chinese mathematics terms use in the bilingual Algebra I course.

She enjoyed Mr. Wong's teaching and developed a gaag rapport

A=

with him, often go:mg to ask him questions during the lum:h hour.

“ TEST SCORES
Arithmetic Reascning: 7/10
Piagetian: 60/72
General Ability: Analogies 16/24
Computation 20/26
Classification 26/26
lst semester/A B

Course Grade:

1
2nd se sterlA

WORD ASSOCIATION TEST

Winnie wrote down mathematics words/concepts to six of the twen-—
ty-two stimulus words/concepts: NATURAL NUMBER, ELEMENT, RA-~
TIONAL NUMBER, ADDITION, PERCENTAGE, MULTIFLII’:ATION, and
EMPTY SET. To the other sixteen, she gave examples or explanatory
notes.

Examples:

SUBSET: {1,2]1< [1,2,3]1; & ; AS B r

COMMUTATIVE PROPERTY: a + b = b + aja-b=b.a

— f—;n e e et ———

”EXPCJNE‘ﬁTi”i: The power of n is equal to x''; X-x = %2

Ihe following are the RC matrix derived from Winnie's response

and its corresponding two-dimensional graphical representation.

Y
= . =
z
O
3
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TABLE 1 RC matmc of Winnie Fheng § Word Association Test responses,

'HI i

i
I

L2 5 45061 890 ppupoy 5% wonouoa
'

1 Set 1,0 d
2 1il L0

}natural § 207 1.0

4 integer 1.0

5 aubset 1.0 |

1 assuciati\rg ; 1.0

§+ 1.0

94 1.0

10 element 544 093 1.0

1] ratlonal # 222 : 10

ny : 1.0

13+ Q44 093 : 019,074 1,0

14 counting # 276 692 074,370 093 1.0

15 dlstributive | _i ' L0
16 - : ‘

17 identity

18 exponent 1,0
190 L
nx 1% : - L0
ai 138 \ - 10
22 varlable =

Iiﬂ
1.9

L0

vl ity




FIGURE 1: Two-dimensional

matrix.
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SORTING TEST

Name of Growp
1AL

Group Words/Concepts o

(1) Set, Element, [l Set Theory

(2) Gra’ph, Coordinate, Line, Point, Plane, Geometry
Slope

(3) v, Radical, Exponent Power

(1) Associative, Distributive, Commutative,. Praj*_:gftiés\
Identity -

(5) Factor, Quadratic, Polynomial, Equation Polynomials

(6) Absolute Value, Rational Number, < , Number systen

:} y T+, =, X

PROBLEM SOLVING

Winnie was rated by the teacher as a high achiever in the A} br

I class. She was diligent and attentive, and always completed her

homework assignments on time. Often she would read the textbook on

her own to get another look at the contents taught in class, or to learn
things skipped over by the teachers. She was transferred out of Mr.
Wong's bilingual Algebra I class to a regular class during the sewnd

semester becaﬁ%e the s:hagl counselor thought that she did not need
the bllmgual instruction and that her space could be used for -anther

new 1mfnlgrant student. Wmme said she liked Mr. chg better tha her

new teacher, Ms. Hall, whose teaching fashion resembled that of her

\téaéh'f‘s in Hong Kong; they emphasized obtain g speedy cﬂ:;j'ect

answers, but not understanding. Ms. Hall skipped many sections Jo the

text which dealt with graphs, and spent much of the semester m

techniques of factoring polynomials. ;—
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The follow=ring e feature s of Winrzie's problem-solving process:

(1) While= veryjpgood at z>roblem solving, Winnie did not know heow

to write proofs . "
Problem 1—3: Tue or false? Why? :
N If a)l, b<0 azad Li}l=1, then a+ b = -(lalk~ 1bl).
H Winnie: After examininz the problem for a little while, she
substitutees=d a awd b with ac’tuai nwambers (2 and 1)Iand gave th+e

answer "f=alse.'The resemrcher asIkxed her why. She said that stme
did not kn2ow, hit she was sure 0o her answer.
Problem JI-—13: The operation * is <lefined as: a ¥ b=2a+ b.

Is* commztative? Why?
ls* associative? Whkavy?

Winnie: =She sid that sThe had seen this type of problem beforee

7 but did ncot knw how to do it. A fter looking at it for a little
/ while, .she gaveup.
Prablgm IZI : Is the following preof correct? Why?
- - let x = 2 aﬁd*yzl Then
- - 2xy + y?=x® - 2xy +y?
- 2xy + yi=y¥F - 2xy + x?
(x - v)=(y - ;.:)1
x — y)=(y *)
; 2x = 2y
2=1

Winnie: Si—e exmined the problem and asked how 2 could be equ=al
to 1. The —researcher told her that was what the problem wanted
her to expZlain. She said £hat she Xcnew that it could not be cor-

rect, but s=he didnot know why.

(2) Of the= eight target =tudents, only Winnie could solve the
* fllowing problemn withut any difficulties .
z Problem I-4 - : Under what <ondition= does la+ bl = -(a+ b)?

Winnie: She= sawit once +that the equation was equivalent to

lcl = -(c). T}gezefare the eondition =<was (a + b)<{ 0. She never didX
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bother  with the individuoalwlue of a or b like all the other s=tu-

dents.

(3) W—3innie completed may of the problems wwery qﬁ‘iékly b—y
applying mz=ny rules and formale, Some were taugh_t in th%éA_lgebrﬁaI

g

class and s ome she had learnein Hong Kong, bu=zt many she hacd
deduced by -herself from doingthe exercises. From Ther chsswork or
homework, =she would discover sme rules or formul=me whith provicied
her with sheortcuts to arrive atfe solution, and she= would then br—ing.
these at lure=ch hour to Mr. Won, who verified for Z her their correc=t-
ngss;

Probler— I-11: Graph IxI<l

Winnie: She saw at once it for 1xl = 2, x is equalto -2 or 2.

She the=n drew the followinjgraph immediately,

When assked how she arrivelat this graph, she EI/T‘.I,SWEI‘EC] thati £ it
is the !.smaller than' inequilly sign, the solutfo=m set is betwee=n

the two points and if it ig ther"bigge:’f than' ine=quality sign, tkae

solution set is on the two dies of the two point=s. This rule skne

deduced . herself and was calfirmed by Mr. Wong +to be correct,

Problem 1I-12: Find the golion set ~7x{4.

Winnie: She wrote down thelllowing steps:

-4 § 7x , - v
;4/7%'3{ -

(= p
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She indicated tht she wentfom the fi rsi step t=o the second by__
using a rule shdeduce—ed: gitch the p - ositions o=f the values (but

not the negatiw sigﬁa on thtwo sidez s of the EEnequality sign.

This she had diiced t' Zhrough her exerescises.

_= (4). Winnie's aplicatior=a of nls and feormulae in prnbférn solving

did not always bringucces=s, espdally whe -n she ffi;?g:d to apply those
she had not i;sed fora whilee2, Shewould mearmmorize the  inequality signs
or théﬂrdéfs of thewriable =s wrugly.
Problem 1I-14: Mnd the  coordntes of tEfe midpaiét ofi the segment
W%nn?;eé 4111323@ of the== formil of (}tl r:ikxz)lzi ﬁfyl + yz)lzi she
memorized the fimula ==as (Sl* ::*;'2)/2,i (y, - Yz) /2 and pgot the

incorrect answerof (~1, « =3).

Problem II-12: Gnph: [ ~(x, v y<Ix+*L1E .
- o r

Winnie: She gplied tH he rukof sengr—ating y< 1x+11 into two

inequalities but hd the negalle signs ¢ oniused:
g .
(5) Except for fh stfaigightim\vafd type , Winnie ==ould not do the

two-dimensional graphproblensns,

Problem II-10: (mph these solun set of x+ty =1 .
Winnie: She tnsformesed theequation —tox = 1 — y (x-form!),
calculated severinumbe =r pais plotted the point== on the graph,

and drew the stnjght lirwne thmgh these  points.

Problem II-5: Grmph all pointi(x, y) gcach that x - and y are both

between 1 and 2.

1 YR

Problem II-8: U:[1, 2 2, 3],pmph {C¥, y): ¥D2:/x)}.

Problem I1-12: Gmh: [(Xx, yhy<lx + 1 1],
‘Problem II-16: Gmph: [(Xx, jr':lx - N [z, y) = ygIxll.
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Winnie: She was not able to do any of these problems. She
either ==aid that she could not remember the formulae or ‘that her
second semester teacher, Ms. Hall, did not teach therﬂ_gny thing

' ,;Qﬁ{gra’@hs»ané’sﬁé”ﬁad forgotten what Mr. Wong taught in the

first se::mester.

hases of testing, Winnie never checked

[

(6) Thoroughout the thre
the correctnemess of her answers. When asked, she commented that it was
a habit ééeraped in Hong Korg, where they were taught to get the an-
swrs to prcoblems as fast as possible so they could perform well on
exminations e, which usually consisted of timed tests. The emphasis was
on speed anecsd résult. but not process. Once finished with a problem,
the sfudentﬁ' moved right on to another and would not "waste" time in
cheking the = éns,wers; They - would check their answers only if there
ws time left after completing the whole test.

{7) Beo<xause of the emphasis on speed, Winnie did not use any
iriFand~erreor approach to problem solving. She would try to memorize
fumlae or s=imilar problems she had done before, but if these were not

quickly recal”led, she would easily give up and go on to the next pro-

blem,

(==

CONCLUSION ~ )

Winnie «swras a very good mathematics achiever and was learning the
Algbra I coratents very well. She understood the difference in emphasis
ofthe mathermmnatics curriculum in Hong Kong and the U.5. and focused

onunderstaneding algebraic concepts. Her progress in Mr. Wong's class



[

semester into"Ms. Halls class, wh ere the emphasis shifted back to

manipulating operations,

W
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VIII. CASE STUDY 3: ROSE HUYEN

Rose .came from vietiﬂaﬁji Her parents had tried to leavg% Saigon
since 1977 by boat, but the cost was always too high. Just;heﬁ they
were about té give up, their U.S. immigrant visas were apg‘ﬁjved; and
they flew to San Francisco in 1980. Rose now lives with her parents,
two younger brothers and a younger sister. Both parents were attend-

ing adult school. In Saigon, her father was a merchant and her mother

a housewife.
Rose has attended the tenth grade in a private Chinese school

before coming to the U.S. She said that she had learned saﬁ?g algebra
in her secondary grades. During her first year in San Francisco, Rose
attended the Newcomers' High School and took a general math class.

She transferred to Mission High School in September 1982 as a teath-

grade sfudenti

The teacher, Mr. Wong, thought Rose was a very hard-working
student, though she was not very good in mathematics. In the second
semester, she was transferred into Ms. _Hall's Algebra 1 class because
the counselor did not think that Rose required the bilingual instruction

of Mr. Wong's class (though her younger brother was not transferred).

PERCEPTION OF ALGEBRA 1

Rose thought that Mr. Wong's class was difficult. She usually did
not' understand the teacher's explanation in the classroom. Instead, she
had to read the textbook, with the aid of a dictionary, at Lome, to try

to follow the lessons. The Algebra-I course was cahfusinggffbut she .

‘could not pinpoint where and-how. The contents were new and over-
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whelming. She said that Mr, Worz g's instruction was very clear, but

that he always explained things inn a very profound wa}h For example.

o
!

he had to spend half an hour just to explain that a(b + c) =%ab + ac,

- which was an "obvious fact," :

_E She said that she could usu=lily do the problems in theg;extboak by

: following the examples, but she madmitted that she did not understand
many of the processes. _

She said that the second semester algebra class taught by Ms. Hall
was easier, and she was not as confused. She also received a better
grade from Ms. Hall, who considexed her one of the best students.
TEST SCORES

Arithmetic Reasoning: 6/10

Piagetian: 46/72

General Ability: . Analogies 15/24

~Computation 12/26
Gﬁséificatinﬂ 17/26

Course Grade: A . (\\
WORD ASSOCIATION TEST \

Except for the first stimilus word/concept, SET, to which Rose
wrote down "empty," "empty set;" subset,” and “absalute value," she
failed to give apprgpriatgi responsess . Instead, she wrote down lizsts of

PERTYa*bEb'i'a,:#ﬁﬂ c: d+ f =
"333:4‘43:33 )

ponses were not those called for by the test, no

e 'il-"l""m

H
Because her resp

further analysis was performed on the data; R
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SORTING T,ST
Rose sorted the twenty-eight concepts into nine groups:

Name of Group

Group Words/Concepis . o
(1) U, Quadratic, Graph, Coordinate, Line, Gyﬁg’h 'gfﬁnctiéﬁg

Slope, Absoclute Value

(2) +, +, -, X Basic operations

(3) Associative, Distributive, Commutative, Properties
Identity

(4) > y < Inequalities

(5) Rational Number, Set, Element )

(6) v, Rad cal, Polynomial, Equation

) fUnclear

(7 Point, Factor

(8) Plane J

(9 Exponent

PROBLEM SOLVING

Rose refused to use the "think-aloud" method to do the problems.
She said that she could not think and talk at the same time. Despite

continuous effort from the researcher to elicit "talks" from her during

the three problem-solving sessions, she did not give any oral res-

ponses. Nevertheless, Rose did answer questions on her problem--

ompleted all the problems in a session. The

following analysis of Rose's problem-solvi
obs

Rose's explanations.
(1) Rose usually would not write out a sequence of deductions

and proofs when solving a problem. Instead, she liked to dE all the

calculations or deductions "in her head " She usually took a very lang

time to do a prgbiem because of her "intense thinking," and she always
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~the number line, but she never used it.

arrived at incorrect answers because of simple mistakes committed in
carrying lengthy operations in her head. The following example is from
problem and wrote down

=%

a page of her test booklet. She stared at the

the answer after thirteen minutes.

™
If a>b and k< 0, then ka7~ kb.

Problem II-9: The statement, "A certain number, f, increased by

twice another number, n, is equal to 30," can be written as:

Rose: She wrote down the correct mathematics sentence (f + 2n

= 30) and looked at it for over ten minutes. Then she wrote down

30), looked at it for twa!minutési

an incorrect sentence (f + 2n
crossed out the incorrect answer and went on to the next problem.

After the first problem-solving session, the researcher told her

that writing down the steps of her thinking might help her speed and

accuracy. During the last problem solving session at the end of the
school year, she was writing down more of her problem solving steps.
(2) Throughout the problem-solving sessions, Rose tended to use

the methods she had learned in Vietnam. She said that the methods
taught in the Algebra I class were too lengthy and cumbersome, while
she could usually arrive at an answer more directly by the methods she
had learned earlier. She admitted though, that the method taught by
the Algebra I teacher was clearer. She said that as long as she could
get the answer, why worry about how you got it. For example, many of

the problems involving inequalities were supposed to be solvcd by using

Problem 1-10: Find the solution set 1x - 11 :

]
w
L]
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ggse—: She did not use the number line. Instead, she wrote down

x = [ J, and then tried to fill in the numbers, using the

-5

trial-and=error method.

B In the next two examples, Rose used the trial-and-err ;ir method
'_ nstead of those taught in the class to solve the problems.
Problem II-20: Factor: 84x? + 135xy - 264y?
-Rose: She took out 3 as a factor at once and wrote
= 3(28x% + 45xy - 88y?)
=3( x ¥ x )
=3( x-vyv)( x+vy)
Next, she tried putting different combinations of factors of 28 and
88 as coefficients of x and y, and eventually arrived at the answer
3(7x -8y)(4x + 1lly).
Froblem III-11: Find two integers whose sum is 18 and whose
product is 72. _ .
Rose: She -wrote m + n = 18
m-n = 72
Then she used the trial-and-error method and got the correct
answers of. 6 and 12.
S

3) She had diffir:u]ties doing_ the !p’fGBIE"S involving two-dimen-

sional graphs. She said that she could do thas problems when she was

in Mr, Wong's class, but since transferring to Ms. Hall's class in the

second semester, she had not seen graphs at all and could not remem-

ber how to do those problems.

Problem IIeE Graph .all points (x. ‘y) such that x and y are both
between 1 and 2.

P TR

Rose: She looked at the problem for five minutes, gavc up and

went to another page. E.

Problem II-16: Graph [(x, y) : Ix - 11N (x, y)z-yghﬂl.

Rose: She drew lx ~ 111 on the x-axis of a two dimensiéné]
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ative application of principles-or concepts learned in the

b

graph (an incorrect answer). This took three minutes. Then she

drew the y¢ Ixl graph using number pairs and iﬂspe:tibﬁ_ This,

the two graphs together.

(4) Rose was not able to do the probiems that required proofs or

Problem 'I-1%: The operation * is defined as : a * b = 2a + b.
- ls * commutative? Why?
Is * associative? Why?

Kose: She looked at the problem for two minutes, and went on to

the next one.

Froblem I1-18: Is the following proof correct? Why?
- Let x = 2 and y = 1, Then .
o x? - 2xy + y? = x? - 2xy + y?
x* - 2xy + y? = y% - 2xy + x2
(x = y)2=(y - x)?
(x = y) =(y - x). ~
2x = 2y
x =y -
2=1 .

- for serveral minutes, and did not

E\

Rose: She looked at the proble

Then she substituted the

know how to approach the problem.

numbers 2 and 1 in each e;quatic:njaﬁﬁ found that (x - y)#(y - x).

/2

She pointed _t(: that equation and 8aid that that was incorrect,
~ '

Problem II- 75U (x + T2 - 1=0, x =2

Rose: Instead of- applying the identity, (a? - b?) =

she multiplied out (3: + 7)2, subtracted 1 from 49, and then solved

(a+b) (a-b),

the equati r;:;z+143:+48=0.

" Problem II=15 6987 X 7013 = ?

RQEE She lt:u:ked at the prcblem for a little while, decyjed that it

b
was to lengthy to multiply out the two numbers an d gag up.



At the end of school year, Rose was making errors on pro-

(5)

blems involving cancelling factors on the numerator and denominator of

fraections.

Problem I1I-5: _. ce 2 1
—_— Simplify -7 * 3T + —
Rose: = J_E w ! =
L05¢€ - e I
é“‘\ - - = = \ : -
2 (e sifa-3) A L
= 2{ad2) 4 b4 (a2 /
; (a2 &-2) -
2 A
(&Ql‘;fk%j ? )
ra
. /7
- S f"‘: j“\f o
/ -
, (. +i)(a -2
Problem III-14: ‘
Find the roots of = 3 - Z2x - 3 S S 0
2x - 6 £x° - 5x - 3 2x + 1
Rose ERNS 00 B S o
S N VS S T S
/ \ ~ f -Z"\
306440 ~hy-3F 2(R75)
$ -LUx4L 42 = 0
g -
L e e
LUy =)
.'\\\‘ v
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CONCLUSION
Despite her hard work, Rose was not very successful in learning

the Algebra I Enﬁtents; as was indicated by her performance én the

on the

vy

problem-solving sessions. e was confused by the emphasi:

_: understanding of the algebraic concepts in Mr. Wong's class: Perhaps

Vietnam, which emphasized the application of rules and f@fmulabe to
gbtain answers. Rose, however, was more in tune during the second

emester with Ms. Hall's Algebra I course, which was similar in style to

the mathematics curriculum in Saigon. Ms. Hall considered Rose to be a
3o0od mathematics student and awarded her a grade of B+ for the course

(though her performance during the last problem-solving session was

disappointing).

e
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‘Stanley Kwok came to the U.S. with his parents, an older brother,
i 1

and a younger sister from the ci* v of Guangzhou (Canton) in 1979.

They came via Hong Kong, where they stopped over for hal;f a year,

ng
before arriving in New Orleans. After six months there, the family

moved to San Francisco. Stanley's parents were factory workers before

emigrating to the U.S5. At the time of this study, his father was unem-~

-

pl”ed and his mother worked in a garment factory.

Before leaving China, Stanley had finished three months of sixth
grade, during which algebra has been taught as part of an integrated
math éurri:ulum.: He did not attend school during his stay in Hong

grade in New Orleans and learned general

L
m
<
m
]
P
f 3

Kong, but entered
math Upon arrival in San Ffancisr';ﬁ half a year later, he entered ninth
grade at Mission Hiéh School and took another year of general math.
Mr. Wong cansidéred him z below-average mathematics achiever. He
said that Stanley was alienated from the school and did badly last year,

but that he was working diligently and taking interest in his school

work this year,

PERCEPTION OF ALGEBRA 1

Stanley thought that the Algebra I course was very difficult. The

many terminologies, symbols, and signs made the contents confusing,

and the many English words used with them made them hard to under-

rational, irrational number,

stand. There were still concepts (é.g.
counting number, etc.) he did not understand at the end o£ the school

year;
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He thought that Mr. Wong was going at too fast a pace. M’rx—. Wong
devoted most of the class to explaining concepts leaving very little time
for classwork to reinforce what was taught. Stanley usually- @rggt what
was taught wher: he went home and had to read the examplgs:- (not - the

= ¥

text) in the book to refresh his memory. He said that he would also go

ask Mr. Wong questions during the lunch hour. He wished tme teacher
would go more slowly and give more classwork to help students remem-

ber and understand.

.Stanley found that the pace especially fast during the latter half
of the first semester and the first half of the second semester, and felt
he was completely lost. But Mr ‘Wong spent the last month of the
school year on review, which allowed him to relearned the contents he
had not understood. (He thought that was a reason he performed better
at the final examination.) Stanley also commented that since the teacher
did not check the homework personally, he would not know what he had
done correctly. (Mr. Wong usua‘lljr wrote the answers on the board and
asked the students to che;k their own answers. But this, to Stanley,
was not the same as the teacher checking the procedures and answers

directly, which would give him more confidence.)

TEST SCORES

Arithmetic Reasoning: 6/10

Piagetian: 44/72

General Ability Test:  Analogies 8/25
7 Computation 14/26
& ' Classification 20/26

ey

e it

Course Grade: 1st semester/D+
2nd semester/C+
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WORD ASSOCIATION TEST
Stanley wrote most of his test responses in Chinese. He said that

spellings of the mathematical words. Except

he could not remember the
for one, all his responses were examples or explanations Qfllf}ie stimulus
words/concepts. Because the responses were not those scliégﬁtéd by the
test, no further analysis on these data was conducted.

Examples:

ASSOCIATIVITY: together; associate; not separate; linked.

X: multiplication; multiplication sign; multiply; multiply one
number with another.

The only exception was for the stimulus word/concept "O," to

which he gave "inequality" as one of his responses.

SORTING TEST

Stanley sorted the twenty-eight mathematics words/concepts into

ten groups:

Group Words/Concepts _ o , ___Name of Group

Set Theory

(1) Set, Element

(2) Identity, Associative, Distributive, Properties
Commutative

(3} Polynomial, Equation, Factor

(4) +, = 3-*

(5) Slope, Coordinates, Line, Gfaph Geometry
(6) Exponent, Quadratic h
(7) Radical, sv", Rational Number

>Uﬂcl§af

(8) Absolute Value, N, < , >

€9) Point

(10) Plane J
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PROBLEM SOLVING
Stanley Kwok was not a high mathematics achiever. Hawevgr, the

teacher described him as adjusting well both in and oul of S%hnnl. He

worked very hard and was progressing in the class as e;;p:;cied. Al-
~* though quite confused by the algebra curriculum in the first half of the

" school year, by its end, he had managed to get a grip on the subject

-

"
ol

through his hard work (he said), and was able to perform quiie well in
the last problem-solving session. The following are his problem-solving
characteristies: "

(1) Stanley could not do any problem that did not ask for specific
answers. These includéd problems that asked for proofs, explanations,
or abstract solution sets.

Problem I-3: True or false? Why?

If a>0, b <0 and lal > 1bl, then a + b = -(lal - 1bl).
Stanley: He read the problem but told the researcher he did not
understand what he was supposed to do. The researcher explained
the problem to him in Chinese. Stanley looked at the problem again
and gave the correct answer, but could not explain his reasoning.

Problem I-4: Under what conditions does-la + bl = =(a + b)?

Stanley: He read the problem, did not know what to do, and told

he researcher that he could not understand the English. The
=] E

=

earcher translated the problem to him in Chinese, but he still

H
n

(3.

did not know wha‘é to do.

| LY
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Problem II- 18 Is the following proof correct? Why?

- Let x Zandy-l Then,
§E*=ZXY+Y fxsz};*Y'-Fyg
x? - 2xy + y* = y?* - 2xy + x?
G - ) =y - x)? -4
(x ~-y)=(y - x -
2x.= 2y . -
x =y
2=1

Stanley: He substituted the 2 and 1 in the first equation but did

not know what to do after that.

(2) Stanley also used rules and formulae which were not taught in
the class to do the problems. He said that he learned them from his
classmates, Since the rules and formulae could lead to answers more

expediently, he preferred them to the methods taught in the class.

Prc}zlem I-10: Find the solution set 1x - 11 = 3.

W
+

Stanley: He changed the equation to (x - 1) = + 3 and arrived at
the solution set (4, -2).

Problem I-11: Graph x1 < 2.

Stanley: He applied the + rule again, obtained the two points (2,

-2), and drew the answer on the number line.

For the problems on céérdiﬁate geometry, he was very dependent

gn rules and formulae. When he forgot them, he wauld just give up

instead of trying to derive the:m, He could not do any of the following

problems because he said that he had forgotten the formulae

Problem II- -3: What is the slape of the line: 3x - 5y = 15.

Problem 1I-14: Find the coordinates of the midpoint of the segment
(2,3), (4, 9).

Prablem I1I-4: Find an equatmn of the line which contains the

pmnts (0,2) and (-1,3). N

il
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(3) During the 5e:améi\prcblém=5alviﬂg session, Stanley encoun-
tered many difficulties with ggaphs and could not do any of the two-
dimensional graph problems. -4

-10: Graph ti‘f‘e solution set of x + v = 1,

Stanley: He drew the ;:—'g coordinate plane at once and wrote down

the number pairs for the equation. After that, he could not plot

the points should be, he took the points, instead of a line passing
through them, as the solution set.
However, in the third problem-solving session, Stanley made an

impressive improvement and was able to do the two-dimensional graph

problem quite proficiently.

Problem III-10: Graph y2(x - 2)? + 3.

He saw the inequality and drew the following graph at

i

X
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(4) Stanley could only do the straightforward type of problems
which had been taught in the class. Any variation made a problem too

»~  difficult for him.
-3

Problem II-4: If k3 + 2k? - 24k = 0, then k = ? -

He looked at the problem and told the researcher he did

him that he could puil k out as a common factor, but he still could

not do the problem.

instruction was too fast and the abunda}me of algebraic concepts during

. . , o . . .. . «¢ .,
the first semester was more than he could absorb. It was toward the

niques of factoring, that he became more comfortable. The last rﬁanth of
review in the class also gave him opportunities to relearn many concepts
he did not understand, and thus he made up much 1}351’: ground and
eventually received a C for the course. Mr. Wong, the teacher, was
very impressed by his progress and complimented Stanley's effort and

diligence. However, Stanley said that he still did not understand many

he could have learned the course content at a slower pace.

=




X. CASE STUDY 5: CHUNG-KWONG LEE

, ) -4
Chung-Kwong Lee emigrated from Hong Kong to the United States

in November 1981i Born and“raised in Hong Kong, he had attended

x&séhml there from kind efg ten through nineth grade, when he dropped

LY I

ut because he had lost interest and was doing badly. Then he worked
for two years before coming to the United States. He came with his

parents; his father had been a carpenter in Hong Kong and his mother

. a housewife,

Chung-Kwong had one year of algebra in the nineth grade. He
insisted that he was not too intelligent, and had not enjoyed schooling
in Hong Kong. He also said that he had forgotten everything during his
two years of working. He entered Mission High School and the algebra

class in November, when the class was into its second month of instruc-

tion.

PERCEPTION OF ALGEBRA I

Chung-Kwong had a very low self-—:::onezept in mathematics. He kept
telling the researcher and others that he was not good at algebra and
not made out for school. He found the pace of instruction of the Alge-
bra I class too fast, and could not understand the materials. He often
asked his best friend, Kung-Mon Chang (another target student), who
sat in front of him; for assistan:‘:eg To learn the contents taught before
he entered the class, he said that he read the chapters in the text and
asked for help from other students who were better than hé;:. As the |
school year progressed, he gradually remembered the mathematics he

had learned in Hong Kong.
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Chung-Kwong thought that the main difference between the Alge-

bra I course and the course he had had in Hong Kong was in termino-

logy, but the teachers were also very different. Mr. Wong was much

better, he thought, since he .let the students ask questians:_xi?i and after
- class, while the teachers in Hong Kong would just go thrgugh examples
-égv:m the chalk board and not care whether the students understood or

not. He said that the Hong Kong system was pedantic and did not care

for the students.

TEST SCORES
Arithmetic Reasoning: 6/10

Piagetian: 53/72

General Ability: Analogies 19/24
Computation 13/26
Classification 19/26

semester/D

Course Grade: e
2nd semester/D+

D

WORD ASSOCIATION TEST
Despite Chung=ﬁwané‘s claim that he had forgotton most of the
mathematics he had learned in Hong Kong and despite his late entry
into the Algebra I c’:léss (in early Novemlj:er); he was one of the three
target students who gave the correct type of responses to the Word
Association Test. It is likely that his abandoning of the mathematics h+
had learned in Hong Kong actually enabled him to concentrate on what

was taught during the first two months of the Algebra I class, which

placed emphasis on the fundamental algebraic concepts. This absorption

Wit a

Hong Kong probably enabled him to conceive the algebraic c;i:-nc:epts

within a related system, as was introduced in the itextbook.
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1 2 3 4 5 & 7 B 9 i0 11 12 13 14 15 15 17 18 19 20
- 1 Set 1.0
'gf 2 1:1 1.0
: 3 natf 411 1.8
4 integ . 1.0
5 subast 1.0
& comm 232 1.0
7 assoc .224 .129 .043 1.6
B + 1.0
93 1.0
10 elem 1.0
11 rat# 1.0
iz u .330 .281 091 .167 1.0
13 + .060 .154 1.0
14 countd 400 .107 171 202 - 1.0
i5 diat -470 .189 202 090 1.0
16 - .085 1.0
17 ident .Z8B2Z 104 1.0
18 expo 1.0
19 0 436 220 L0072 .109 218 .273 179 1.0
20 X 1.0
21 8 - 188 337 106 .159 -400 113 -283
22 wari -292
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SORTING TEST
Chung-Kwong sorted the twenty-eight concepts into six categories,

the f{:{ est used by the eight target students. -i
Group Words/Concepts I _?Hafr;!;%ji Group _
E,x(l) X, > , < .U, +, + - Svmbolsf
:—%(2) Quadratie, Equatioﬁ, Polynomial Factoring
(3 Associative, Commutative, Factor, - Properties

Identity, Distributive

(4) Line, Point, Plane, Slope, Graph, G 2ometry
Coordinate
(5) Absoluate Value, Element, Set, Exponent,

Rational Number _Um:]ear

- (6) v, Radicals

" PROBLEM SOLVING

Chung-Kwong was-not a high mathematics achiever. The Algebra I

teacher, Mr. Wong, described him as very slow in math, but trying

ve;‘if hard and working diligently to folil*'” the instruction. Chung- -

Kwong himself frequenily said to the researcher that he was not very
good in academic matters and that mathematics had been his worst

subject. The results of his problem solving were not impressive. Of the

forty-six problems administered to him, for only eight did he find the
correct answe’r.s by himself. The researcher did guide him through
éeveral others. But for most of the problems, he just locked :at Ei:hem
for a while and said that E_iﬂ;er; he did not know how or' had forgotten

how to do them.. Bezause of this, the researcher was not able to collect

[T

as much ;ﬁf@rmgtxon on his problem-solving processes as

‘solving features:




(1) Chung-Kwong tended to use methods taught in the Algebra I

lass to solve the problems, probably because he had left school for two

']

years before coming to U.S5. and had mentally abandoned the mathe-

-4

matics he had learned in Hong Kong. : .

Problem II-2: Factor 3x? + 7x + 2.

Chung-Kwong: He used a procedure that was taught in the Alge-

L AL T 6]

T LT AT+ €]

ST D Gex Ol
SRS

QA (Xt5)

Problem II-10: Graph the solution set of x + y = 1.

Chung-Kwong: Following the method taught in the class, he wrote

down a set of number pairs for the equation, plotted these number

pairs on the graph, and drew a straight line through the points.

[T

However, the following examples showed that he 'did not have a
good understanding of what was taught in the class and 6ftén became

confused by the many concepts and procedures.

2y




)

_~Problem 1-1: 8y2 - 2y2? - 2y ? )

o
Il

N — 1\
' Chung-Kwong: Instead of subtracting EY{E;E By? and then

subtracting ;Evz from 6y?, he changed -2y2*-2y? to !(Ey_‘ﬁ + 2vy?),
arrived at 4y?, and then subtracted 4y? from 8y? to obtain the

correct answer.

Problem II-6: Graph [x: Ix + 11 < 3].

1ad associated graphs of absolute values with a _~

s

i

~— Chung-Kwong: He

V-shaped diagram, and for all such problems automatically drew—a’
V-shape graph without any thinking. He arri\ged"af”ﬁ;e following

solution to the above problem similarly.

*

" Probably because of his lack of understanding of the concepts, he
often forgot the formulae taught or he would remember a wrong one and
not know how to verify it. Thus he was unable to do any of the

problems on coordinate geometry except for the following one.

Problem II-14: Find the coordinates of the midpoint of the segment
(2,3), (4,9).

My

-

Go
an




Jos

Chung-Kwong: For this problem, he did not try to remember the
and obtained the answer

formula but went directly to the diagram

by inspection.

#
3

(2) The above example also illustrated another of Chung-Kwong's

problem-solving characteristics. He was not dexterous in applying
procedures or concepts to solve mathematics problems; if the problem
was only somewhat different from the ones he had encountered in class,

=

he would be stuck.
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Problem II-7: If (x + 7)3< 1 =0, x

Chung-Kwong: He went at once to multiply out (x + 7)? and got

%% + 14x + 49 - 1 = 0. But then he did not know how to factor the

equation, and after looking at it for a while, he gave up. The

researcher told him to subtract 1 from 49 and rewrite the equation

0. He was then able to complete the problem.

as x% + 14 x + 48

(3) When solving problems with absolute values, Chung-Kwong
alwavs replaced the absolute sign (1 1) with the + sign. The researcher
asked him why he did that, since it was not taught in the class. He
said that he learned it from another (target) student, Kung-Mon, wh;:
saf; in front of him in class, and also that he remembered it from the

mathematics lessons learned in Hong Kon_. However, he could not do

any of the problems with absolute value except for the easiest ones.

Problem I-8: Find the solution set: 1xl = 3.

Chungskwcng He wrote automatically x = +3 and x = -3, and then
[x = +3; !Bjé

robem I lD Find the solution set 1x - 11 = 3,

‘ n-u\

Chung-Kwong: He somehow equated the problem as 1xl

arrived at the answer [x = 4, -4].

(4) Chung-Kwong could only do one of the word problems. T
researcher thought at first that he had difficulties with the English,
but he actually has a very good command of English and was able to
tel_l the researcher what each of the questions asked The difficulty lay

n his inability to transform the work problems into mathematical equa-
tions (sentences). The only problem he could d¢ was the fallowiﬁg:

Problem III-11: Find two integers whose sum iz 18 an 1:1 whose
product is 72Z.




[ L

Chung-Kwong: He first wrote, "Let x is small integer" and "Let y

is big integer." Then he wrote two equations, x + y = 18 and

xy=72. Next, instead of solving the two simultaneous eqpations, he
used the trial-and-error method and wrote the following:

17

U B B e
EE
i
o

The last product gave the desired 72 and therefore x = 6

vy = 12,

CONCLUSION
Despite his diligence and effort, Chung-Kwong did not learn the

Algebra I contents very well. The school counselor was probably too

" ambitious to place him in the Algebra I course and so direct him into a

as not so dependent on English proficiency.
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algebra course first and, depending on his performance, then placed
into the college-prep mathematics series. The teacher, Mr. Wong, did
not think that Chung-Kwong should pursue further the college-prep

P
mathematics series, and gave him a D+ for the course, a grade which

prevenied him from doing so. It would be interesting to follow Chung-

Kwong and learn what he chooses for his career alternatives; however,

the scope of this study did not allow the researcher to pursue this

further. -



XI. CASE STUDY 6: CUONG KHON NGO

Born and brought up in Saigon, Vietnam, Cuong Khon_left his
-1 -
Voo i =
home country with an older brother in 1979, After spending two weeks

\,‘\H‘ -
— on a small boat with twenty people, they landed in Malaysia and spent

&

resettled in San Francisco, where they shared an apart-

i

brother wer

ment with two other young Vietnamese adults. His parents were still in

Vietnam, because they could not afford the cost of the passage out. His
father was a construction worker and his mother a housewife.

Cuong Khon finished eighth grade and had three years of algebra

in Vietnam. In Malaysia, he received English and U.S. cultural

arriving in San Francisco, he entered the Newcomer High School and

took a year of general mathematiecs. This was his first year at Mission

Mr. Wong said that Chuong Khon was very interested in mathe-
matics and that he learned very fast and understood the concepts,

although he v'as careless and made many mistakes.

PERCEPTION OF ALGEBRA 1
Cuong Khon said that he was quiie confused by the Algebra I

contents in the first semesters, that were tco many terms and concepts

he had never heard of (e.g., real number, rational number, irrational

Jwu

number, etc.). Gradually, he did manage to grasp the ideas, but he
said there were still concepts which he was not too sure about at the

end of the school year,




He said that- the class was a little slow here, that the ones in
Vietnam were faster. He thought that the class here was easier because

there was less homework, but that the mathematics here weré very

"troublesome."-—he had to go through many more steps to get to an

ééfabﬁswer. He liked the methods in Vietnam better, because they made it

easier and faster to get an answer. For example, in an equation, all he

had to do was switch the positions of the numbers, change the signs,

and he would have the answer. He admitted that the method taught in

the Algebra I class was clearer.

TEST SCORES
Arithmetic Reasoning: 5/10

Piagetian: 51/72

General Ability: Analogies 10/24

Classification 22/26

Course Grade: 1st semester/B-
2nd semester/B 3

WORD ASS0CIATION TEST

While Cuong Khon wrote down the appropriate type of responses tu

most of the stimulus words/concepts, for three concepts ONE-TO-ONE
r

sentences explaining the terms, and for the word SET he wrote down
some of its properties. The following are the RC matrix of Cuong
its corresponding two-dimensional scaling solu-

Khon's responses and its

[T

tion.
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TABLE 3: RC matrix of Cuong Khon Ngo's Word Association Test
¥ « responses, :

1

Set 1.0
1:1
natd
Integ
subset .217
comm
assoc
+*
#
10 elem .182
11 ratf
12 4

+*

WO T e R et

14 count#
15 dist

17 idert

18 expo

191 478
20 X

214 .421
22 varl

N

ERIC

Aruitoxt provided by Eic:

1.0

147

©,533

.389
.336

.043

091

.087
171
239
129
214

.562

101

ot
[ %]
G

.086

7 B 9 10 11 12
1.0
.304 1.0
1.0

1.0

029 1.0
1.0

<470 .101 .023
121 .303
.138 174
114 .029
145 036
.086 -.439 .021
471 286 .043

.386
<30 .085

13 14

1.0

036 1.0
.200 .055
121 .121
036 ,109

.091 ,091
169 169

178 178

15

1.0

16

1.0
087
055
065
.308

.162

17 18 19

1.0
145 1.0
.086 ,109 1.0

171,217 129 1.0

329

149 ,186 ,064 .197
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SORTING TEST
Cuong Khon sorted the twenty-eight words/concepts into nine
categories. -

Group Words/Concepts o

:} (1) Plane, M, Slope, Equation, Line, Geometry
-5

Jos

Coordinate, Graph

(2) +, 7y X, + Operations

(3) Element, Set Set theory

(4) Commutative, Associative, Distributive Properties

(5) > » < Inequality

(6) ¥, Radical |

(7;') Factor, Polynomial

(8) Exponent, Quadratic

(9) Point, Identity, Rational Number,
~Absolute Value

PROBLEM SOLVING

Cuong Khon's home language was Chinese (Cantonese). However,

namese. The researcher, having no understanding of that language,

depended on a translator, and so the analysis was partly based on an

b

d
nglish translation. This indirect process is not as accurate, since

many subtle changes of intonation or pace of speech were lost.

The following are Cuong-Khon's problem solving features:

his three years of Ilgebra in Vietnam, Eué};g Khon

=

(1) Despit

]

:used, almost exclusively, methods taught in the Algebra I class to solve

the problems.

88 94 ™



Problem I-8: Find the solution set: Ixl = 3.

Cuong-Khon: Of the eight target students, he was the only cne

who used the number lines to solve this and other proslems on

\I\ +

abso]ute values. He never chang ed the absolute value 3ign to the

sign, .as all the other students did.

el 3 32 =

Problem I-12: Find the solution set -7x 4,

Cuong-Khon: He followed the procedure taught by the book. First

he cha’nged the inequality sign to the equal sign to obtain -7x = 4,
from which he got x = -4/7, He located the point on the number
line, selected two other points on the left and right of the point
-4/7, and substituted the two points in the original inequality to
determine on which side of the point -4/7 the solution set lay.

(2) Cuong Khon was also the only target student who routinely

rechecked his answers.

Jo s

c

Problem I-7: (-4)" (- 1/4)

¥

37

it
gy

Cuong-Khon: He arrived at the correct answer by an incorrect

process: (*a):(gila)b = (-a)(-1/a). He rechecked the answer by

working 2 similar problem, (-5)°(-1/5)

Problem II-2: Factor: 3x? + 7x + 2.

Cuong-Khon: He had no.problem arriving at (3x+1) (x+2), but he

also multiplied the two factors again to check if he got the original

g

polynomial. ' .

¥ 95



(3) He did many of the problems by substituting actual numbers
in the equations or inequalities, i.e., he was using induction.
Problem I-3: True or false? Why? . '
~ If a)0, b{0 and 1lal ?1bl, then a+b = -(lalelbl).

Cuong-Khon: He substituted 3 for a and -1 for b to prove that

the statement was false

Problem I-9: If a)b and k{0, then ka_ ?

I
nr

Cuong-Khon: He wrote down k=[-1,

1 for b, and arrived at the correct answer.

He could not do the problems on graphs except for the

(4)

straightforward ones.

Problem II-5: /f\ /ﬂ’

| T

- )

vi N

A




~{(5) He also had d:ff::ult;es w1th word problems, thot g he was
able to do the fﬂ]]ﬂ’wmg one: |

Problem II-17: Two cars start from the same point and travel in

opposite directions at the rate of 25 and 35 miles per hour,
respectively. In how many hours will they be 330 miles’ apart‘?

But he was not able ,tc: do the following two pf@blems. nor to set
up the equations for them.
Prnbiem II-11: Find three consecutive integers such that the

absolute value of their sum is twice the middle integer, m:reased
by 28.

' Prnblem 11-19: Mr. Lee's age is one year less than twice Miss
Wong's age. The sum of their ages is 26. How old is .each?

(6) He made many careless errors in his problem-solving pro-
cesses.

Problem III-9:

-2 2 .2 . bl =

CONCLUSION
All data indicated that Guangéﬁhéﬁ had a ifer'y good understanding
of the mathema‘tlcs concepts taught in the Alge]:ra I class. However, he

was not as gfmd at prablem sclvnig as he ::auld be, since he aften made

=

was not able to do the more :cnmpl:u:ated or lengthy prabiems.

*
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XIl., CASE STUDY: SANG-CAM 5U
s an Indochinese refugee who came to the U.S. in

Sang-Cam Su is
Sang~Cam left his heme town, a small V*etnamesg village

April 1'—?81. Sang-Cam le
the Chinese border, in 1979 with his parents and five younger
After spending two months on a 10-ton boat with forly other

'i&ne
ved in Hong Kong, where he lived in a refugee camp for

brothers.
%

-people, he :
one year. After that, his family was transferred to another refugee

the Pluhppmés. where he spent another six months before

camp in ] PI
; tary school in Vietnam

coming to the United State
Sang-Cam graduated from a Chinese elemen

ceived some English and cultural or ientatlan trarnlng whna at the refu—

gee camps in Hong Kang and Phihppmes, he did not receive any formal

instruction in mathematics there.
Sang-Cam's parents were born in (:h:i'ﬁa and immigrated to North

Vietnam.
the U.S5., the father has been attended adu]t

After arriving i
lescribed him as

-wife,
r describec

school and the mother stayed at hame.

nonaggressive, and hard wnrk:ng.

naive, quiet,

PERGEPTIDN OF ALGEBRA I
Sang-Cam thaught that the Algebra I course was very thff

a:iear, but he still cou ic‘l not understand the concepts. And once he did

98




not understand, he wés lost completely. He liked the téa;hing method in
Vietnam better, where the formulae were taught as songs. They were
asy to remefnber and when he encountered difficulty, all he had te do
was remember the song. Here, there were few formulae. T}te few taught
” in class were in English; thev did not rhyme and were hard ‘to remem-
-’;Eber.'He also complained that Mr Wong did not c:arre;:t their hafﬁewark.
In Vietnam, the teacher would check their homework individually and
asked the the students to redo what was incorrect. Thus he knew his

mistakes and what -;é_n:epts to relearn.

TEST SCORES-
Arithmetic Reascning: 5/10
Piagetian: 50/72
General Ability: Analogies 12/24 ~ . .
Computation 12/26
Classification 21/26

Course Grade: 1st semester/C-
2nd semester/C-

WORD ASSOCIATION TEST

Sang-Cam wrote his responses half'in Engiish- and half in Viet-

words/concepts. Because of the 1napprupﬂateness of his responses, no
further analys.s was perféﬂg‘ed' on his word assa;zatmn data. The
fullowing were the four exceptions, when he wrote the appropriate type

of r onses:

NATURAL NUMBER. whale number, cauntlng number, real number

‘w‘ 1o

+ : subtract, dw:lsmn.. mulhplmatmn, give ane to each .

ELEMENT: set, become, parallel equality
93
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SORTING TEST
‘Sang~-Cam sorted the twenty-eight concepts into six grngps:

Name gf; 273,1"9??/ —

Group Words/Conepts I
(1) Element, Pléﬁei Set, Line Geometry
; (2) Associative, +, +, -, X Operations
(3) { . D ' ;Inequali!ty*
(4) 'v__U, sttnbut:ve, Commutative, Point, Y
Graph
{5) Slope, Quédra’tic.?actar. Coordinate, _
v, Radical . ' f' Unclear
(6) Absolute Value, Polynomial, Idenhty, :
‘ Equation, Expanent, Rational Number )
PRDBEEMLGS;QLKING:=,,.: e
T ;Sangséam was riot an Exéeptianal mathematics éﬂhiever in ;’he
class. Thé teacher cansiﬂef‘ed hifﬁ below a{réfage but thought he tried
very. haré and worked r‘ ligently tn learn the sub;eat- The following are.
his problem-solving feaiures:

(1) S,a’:;lg—ﬂf:am depended to a great extent on formulae. For exam-
ple, when he could not do a problem, he’%auldsay that he zaulﬂf‘ not
remembef the formula. The fﬁilawing is an example of Saﬁgé(;a%n apply-
ing an incorrect formula to a Erﬂﬁ]e’m:

Problem 1-7: (-4)37(-1/4)37 =2

= -0 (-1/337 = (1) =1 5 74 = 74,
- (2) When dezling with problems on absolute vét]ues. he used the +

subst:tﬁtmn exciusively. and not the number hne as taught in class.
Even if the problem asked him to graph the solution set, hé{ wouild still
‘find the numerical solution first before graphing the solution onto the

. number line.

100
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Problem I-11: Graph Ix1<2.

: He saw atv once that t..e answer is the set between =2

(3) Saﬁgéﬁami like Rose Huyen, liked to carry ﬂut tlnz

) camplltatmns or aperatmns in his mind instead of writing down the

¥
t steps. However, dlfferent from Rose, he was moyre accurate aud seldom

made errors.

Problem III-5: Simplify —02? + 1 + 3
a -2 a? - 4 a+ 2
- Ga ol
a -t
(4) Sang-Cam was always de red by the Enghsh in the prg—

blems. Sometimes, even when he understood every English word, he
still said that he Edid not know what the protlem was asking for. The
i‘.&sea?eﬁer. on several problems, had tal explain the problems to him
repeatedly in Chinese before he would know what to do. It was not
clear whether it was ti’ié English that he did not understand or thé
matﬁématics problem itself. The following are Exaéisies of problems that
'he haél diificulties with.

K Prablem I=3' True or false? Why?

M‘ ‘I. .m

1f a)0, b0 and lal 1bl, then a+b = ~(lal - 1b1)._

Problem I-4: Under what condition does la+bl = —-'(ai-b)?_-;

Problem I-5: If x 0 and y 20, the smallest value of 2x+y2-1 is ?

95
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“  3-Cam could not do the graph problems except faffthf;wﬂ

tha.  17d »¢: plotted by number pfairs_wﬁe did not seem to have a
grasf of 'he relationship between two-dimensional space and Equsdr.aﬁ-g'

ariatiss o,

~ Problem III-10: Graph y»(x-2)% + 3.

Sang—Canjgs' He multiplied out (xé’g)’ + 3 to get-x2=4x+7. Then he
calculated seven number pairs for y = x2-4x+7, plotted these '

points on the graph, and shaded in the solution set.

CONCLUSION
; Sang-Cam did not learn the contents of the Algebra I class very

well. He did not have a good understanding of the concepts, probably

because he picked up all th_e expedient formulae from classmates to do

he assignments. A novice in using the formulae, he was not very

dexterous in applying them in praﬁlem solving. M‘syabe his placement in

-
u

enrolled in a pre-algebra course to learn the basic mathematics con-

(YT

' cégxts .
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.CASE STUDY 8: DOUGLAS YEUNG

Douglas Yeung left *ﬁgzhau (Gaﬁtun) China in 1978 with his
parents and a yaufﬂg T b, other. They went to Hong Kong flf;t, stayed

- ﬂie’:?g for three Years, then moved to San Francisco in Auggst 1981.

—;_ Both of his parents had been teachers in Ghina,; his father at a middle
school and 1’115 mother at a pre-school. After coming to the U.S., his
father got a job with the San Francisco Unified School District as a
-janitor and his n;lﬁxther attended aduit school.

Douglas was atté’ndiﬁg seventh grade at a "main point" middle
school in Guaﬁgzhau when. his tamily moved to Hong Kong. These were
’ schaa]s which received pecial-allacafian for teachers and resources and
were considered to be the best in China., Admittance ﬁras by competitive
éxaﬁfnaﬁcng In Hong Kong, ne repeated sgventh grade at an English
middle school and continued through the nineth grade. He ha;ﬂ taken

algebra since the seventh grade in Chin

PERCEPTION OF ALGEBRA I

Dauglaé considered. the Algebra I :;gﬁrs,e to be very easy and did
not study very hafd. v;He was more concerned about the Engiis}: termi-
nologies and said that he often checked the dictionary and referred to
the text to :he;:k the spellings.

He thought that math<matics :Dur_ses were mainly dependent on the -

‘textbooks and that the -basic eantents taﬁgiit in China, Hcmg Kong, and .

[T T

the U. S were s:m;lar. The main dlfferenc:es were in emphas;s and se-

quencmg:af the topics. In China, his algebra teacher aske :f students to
- ’cnpy and recite definitio s day after day and there was more wrltlng
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than prob.em solving in the class. In Hong Kong, there was testing

every day, and the emphasis was on the scores. You had to get the

-

teacher ezﬁphasised the basic concepts; he considered this approach

;_samewheré between those used in China and Hong Kong. He i:srabably
thought that remembering definitions was the same as understanding

concepts.

TEST SCORES
Arithmetic Reasoning: 10/10
Pi;agetian!s 49/72
General Ability: *  Analogies 20/24
Computation 20/26
Classification 20/26

Course Grade: lst semester/A
2nd semester/A

WORD ASSOCIATION TEST

Douglas wrote down his responses entirelf in Chinese. He gave
down definitians of the stimulus words/ zﬂn:eplts or paragraphs éx—
plaining them. When interviewed, he séid that his mathema’tﬁs teacher

in China, who was highly re—épesied in the school, emphasized the

memorization of definitions. Student had to recite them everyday. The

teacher told them that if they could memorize the definitions, they

would ﬁnderstané them.

M [

Because of the inappropriate tfypé of responses given by Douglas,

rmed 67 the word association data.

no further analysis was per
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SORTING TEST -

Of the twenty-eight wnrds/cancepts. Dauglas sorted *.werxty even
of them into eight graups. One wardlcanzept IDENTIIY, wis left by

it sélf Dounglas sald that he had fargatterz what an identity was and

F

= was unable to relate it to ﬂther words/ caﬁcepts. The following-aré the

eight categorvies:

Grpg'p Words/Concepts : e Name of Group
M U <, > .+ x v, -+  Symbols |
(2) Commutative, ;Assaéfatit-re, ﬁstributivé' : Prﬁpertieé
!-(3) - Graph, Gaardiﬁaté, Equaﬁigm Sl@pie Graphr
(4) Line, Plane, Point _ ‘Geometry
(5) Radical, Exponent, Quadratic | _ éﬁadfati: forms
(6) . Polynomial, Rational Number "
, . Unclear
(7) Absolute Value, Set, Element, Factor }
‘PRDELEM SOLVING FEATURES »

Douglas acquired. a reputation in the Algebra I class as a high
mathematics achiever. He had quite a group of fcllawers who often ,-
asked him to help them w;th their prab]éms. In the interview, he;sid
that the Algebra I class was too easy. Classroom observation showed
that he often ig red thg instfﬁctian and involved himself m work from
other classes. He said that he would _Iéak at. the examples in the
¢ textbaék when he could not do his homework. Probably because of his
laissez-faire attitude towards _the Algebra I aiéss; he did not perform as

n the prnblem solving sessions. The

|..|u

well as his reputation indicated

‘w [
")

‘following are his ptgblefnésﬂiﬁng features:

(1) . Douglas was very gagd m usin g rules and formulie to do his
problems, and could usualiy solve them expc diEﬂﬂY and accurately. T
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ngever; he depended on the rules and formulae so mucl that he

seldom tned other methods. - . o |

(2 7y (4,9).

Prab]em 11-14: Find the r:anrd;nates of the midpoint of tlée segr‘mnt ,

Dauglag. He lmked at the problem for a whﬂe, said that he id
LY

1;, not remember the exact farmula, and went on to the other pro-
blems. Towards the end of the session, Douglas went back to it.
But he still said that he could not remember the formula. The
rresearcher 'askéd ‘him to use a diagram to do the problem. He
followed the suggestion and arrived at the correct aﬂsﬁ?‘ér, but -
still said that he was not sure about the answer because he did
Vrmt remember the formula.
"Problem 1-9: If 2 >b and k< 0, then ka_? kb.

. At first, he tried to substitute actual numﬁers into the
inequality. Suddenly, he remembered the fuié;that when both sides
of an ineqaaﬁty are mﬁltiplied by a negative number, the
inequality sign has to be reversed. He wrote down the correct
answer. |
(IZ) While Déuglés was very good in doing problems that ask for

specific aﬂswez;'sj he was not able to solve most of those asking for |
: expla;iatians or éfaafsa For -~vample, he could not do the following
prﬁnbleg:‘xs; . ‘ ’
Problem I-3: True or false? Why? -
T 120, b{0 and 1a1) Ibl, then a+b=-(lal-1bl).
. Problem I-5: Under what conditions dc::es la+bl = -(a+b)?
= Problem II-1 3: The operation * is dg’fined as : a*b = 2a + b.
Is * commutative? Why? ' z
Is * associative? Why? _ i
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(3) Daugias wauld check his a=—nswers whHEn he did not feel

confiden:- t about them. But nften, if ‘=the operations were smooth, he

would ne>t recheck his answe, . o A E g

Proseblem Il-4: If k® + %! - 24k = 0, then k = ? ,

las: He arrived eully at (Fe three answers (O. -6 ) and

E begewran substituting then Eé}:k, irmato the arginal equatian to check .

the answers. In the pritess, he= ma&é'ﬁ_si:me careless mistakes, and .

so xrejected -6 and 4 asinswers= and accepted 0 as the only

ans—wer. He might also have use-d this checking prodess because e ‘

was = not sure about arrhing at =three roots.

' ProEblem III-6: x = VX1 + 4, = =7

Dowmzglas: He went thrcmgh ‘the pmrocess and arrived at two answers

(3, 6). But he d;d not border t=o recheck if both are rea] roots of

the equation, probably because “he went through the steps so

sm@-n-ﬁithljr thiat' he did no think t=here was a péssibility ‘of érror.

inequalit~asy of abs::lute values, In the following two prnblgms, he drew

straaght: :]J.I‘IEE instead of aV-hpe gr==ph to represent absalute values.
ProEslem II-42: Graph Iy) t+ e <lxsuly . L0

Probolem II-16: Graph [(xy): h:gll‘fl] ﬁ [(;:.y) (’lxl]

=

CONCLUSSION

@ . - ) - : = ) 74 - ,- : A
(4) Douglas could mot do any o=f the prablems asking him ta”@ph

A

Dnugias had learned the mathemat::s Eﬂntents taught 1n China very

ﬂ“well and. ~was dextersus in sulving prmblems which reguu-ed the appli-

[T

c:atmn a:t' rules and farmulae, a8 had Eeen"emphasued in C';hma and

Hnng Kargg.

the other students an ﬁlmpressim nf excellent ‘mathematics achiever. .
- — a -

101 - e
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M [}

He himself probably also thought that the materials covered in the
course were too easy: since he had learned most of the contents befeore
(though the emphasis wae not the sgme)_ He did not put mugh effor=t

into the Algebra I course, and consequently both his performance immn

- . . s iy S
"_p the problem-solving sessions and his course grade were disappointirmag.

B

- —_—
-
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APPENDIX A

Arithmetic Réasaﬁing Test
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énis test caﬁsists of 10 prgblems ip arithmetic. Howaver, you do pot have to find the

OW the answer c¢ould be found. Although some
s will be given among the

to each problen. You only have to tell HOW
s may be worked more than one Way, only one of the correct way

Mary's father was 26 yesrs old when Mary was born. Mary is nov B years

old. How old is her father now?

(A) subtract : (c) add SE
(B) iilide A (D) wmultiply '
R 0. A B E; D -

found by adding 26 and 8, so cholce (C) should be circled.

The age of Hary s father is
the total

E:ample DD ' Desks ‘are priced at $40 each. If they are bought in lnts af é

pfiEE {s reduced by $20. How much would 4 desks ;ast7
then divide

(A) divide, then add (c) subtract,

(B8) wmultiply, then multiply again (D) ~wmultiply, then subtract

DE;ABC.

$40 by 4 and ‘then subtract $20 from the

. 9ne way to solve the problem would be to multiply
product. Choice (D) shoulc be circled.

You should guess only 1f you can rule out some of the choices. DO NOT GUESS WILDLY.

W1l have 5 minutes for this section. 1f you finish before time is called, check your work,

DO NOT TURN THIS PAGE UNTIL TOLD TO DO SO.

CHL 3l
_L,-;a AE5 54 0 B s .83 % SMBE N BEAT ﬁzﬁaﬂaﬁ S LI PR
EART1 TS TIR PPN S S L R UER )
SN EE . g7 e K B 26 Bi v v 76 1, Bl si s PR tRE IS KK
Mk ®F e F
y BE 4.8 0© D
7 353 ey B A 26 Iu £ vl FILEE)
i.ﬁjﬁ L3 s 40 2 F-0 KX 4% ﬂ?&iél’ﬂsl’ﬁé%%%‘%}jg?
(s)%ﬁéis (E)i.%é% CEX-N Y WNOY A 455
75 f‘é &i A B ¢ .
ﬁmﬁﬁﬁf-f#i#— 45 YRFTFH 20, ﬁ-.;g; :

"f;%_cz:_)
 BFOIEEL B AL 0B ER AT T
4376 524 M B 2590 MK AR Ar LR TR A 4LE E’f‘i»‘&&ebz&

75“‘%%%/\?«?’:: 238551
‘, 105 S lnljl




o L o
1. John wants to buy a football costing $10.25. He has saved $8.50.
How much more money does he need to save?

4984 38848 & 10.25 35K, (0 BAE®I D g-50, Ml R E6EL3YLE

(A)  subrract =B (C) divide P4 .
(B) add e (D) Eultipiy% 'E

2. Eié” boys share three melons equally.
SAEBHFvI RS = 1034, BINBIHEES Y7
@ add 2= (C) subtract gé‘
(B) divide 3% (D) multiply %

What is each boy's share?

3. A ham weighing 16 % pounds was cut into fwo pieces. If one pilece

weighed 9% pauﬁdé, what was the weight of the other piece?

- Yy - - . = . =D - 7} . -
£ 162 FFSHARE V2 AT, Y B8 S0 ER 9525 RV
LR S YA i |

(&) subtract g, ‘ () gmgltiply%

(B) divide _‘!5‘ (D) add P

to 'seéd a lawvn around his new home. 'His lot is 120 feet

4. A man wants
His house is centered on the iat and

by 90 feet (10,800 square feet)-
occupies 2,785 square feet. How many square feet of ground may be put

into lawn?
LA Ak 3T B IFE-D 00, Ao TRA W SSTFER 120 PR F 90 PR
Cofo0FeR)- he39fs 3T vy f RAG 1 2,785 F5 K - REER § 7 ¥3K
SRR RS G w)? |
(A) add 2w ©) y 3

multipl
(B) divide 7%, (D) subtract %ﬁ‘

'5. " There are 4 quarts in a gallon apd 4 cups in a quart. What is the

pumber of cups in a gallon?

s&%@#éﬁi,féﬁi#é 45 P- &% 4947 7

da ¢ (C) wultiply

QA
divide Fér

(B) subtract: - ()

GO ON TO THE NEXT PAGE.
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6. A vholesale mest dealer sells sirloin steak for $2.72 per pound and

chuck steak for $1.51 per pound. One day he sold 79 pounds of each.
Hov much money was taken in?
$ 1ot ARG U pE NS5 $2.72, 4 FAAETES 191 B2 BIFD

i

2% 79 %%, Mo 153 Y88

(A) add, then divide %, 2 B 15
(B) add, then multiply ¥,2c i 3
(6) multiply, then subtraect %3k #3

(D) divide, then divide again %?ég}?i

international bicycle race has covered an average of

*

7- A cyclist in an
9 miles every 20 minutes. If he can maintain the same average speed,

how long will it take him to cycle the ramainit\g 84 miles of the race?

AT VR SAN ALY TEXTPYLL S R T AT ST el
$o9df. RS 1Y viRT A0 624575 fve T

(A) divide, then multiply Ei, il E’i
(B) subtract, then divide Eil = %Fi
) add, then subtract i’ E’Ea‘
(D) divide, then add %

; i) gsg

8. A stare sells pencils for 96 cents a dozen. The pencils cost the

stare 75 cents a dozen. How much profit is there on each pencil?

LRy é:r;r% 9649 gﬁwgaf 75 dun, R § 7542459

F|AA%S 42

- (A) subtract, then multiply {J‘éﬁ'%
(B) divide, then subtract’ %?g &_ﬁ

;('r;_:) add, then divide iﬁ Q‘ng

= (D) subtract, then divide %%E—%

GO ON TO THE NEXT PAGE.

34qt "
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10.

(4) subtract, tiien divide %%é E, Fi

A certain cut of beef costs $1.50 per pound. Hov much beef could
a housewife serve to each of 5 peaplg 4f she could only afford to

spend $4. DQ for the beef?

WRETE 4150, Lx4§ B A FoRER, Fﬂéh%é? 84 S4TL

YO B LI

(A) divide, then divide sgain %?%E?éﬁ
(B) multi_ply, then add . %%_ﬁfﬁ‘z

(C) subtract, then multiply %-ﬂ?}._@*i .
(D) divide, then mulriply il% E‘i

At the beginning of a month, a car fental organization rented 37 cars.
puring the month, 32 of these cars were :Etﬂfﬂed 1f, at the end of
the month, 43 of their cars were being rented, how many ‘new rentals

had been made?

Ramdsaiet $y 7%, A0S 5288 L3(Aed L35

4—5?@%3 Iy S RIS YL

\

(8B) subtract, then subtract again yz% E_;
(c) multiply, then subtract g N — # .
() multiply, then add ’ %%‘;E’:Fi

: %3 B oe

END OF THE TEST-

ﬁhﬁﬁ’%
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APPENDIX B

Word Association Test: Stimuius Words/Concepts




WORD ASSOCIATION TEST
Stimulus Words/Concepts

ONE TO ONE CORRESPONDENCE — — A3,
NATURAL NUMBER 8 95 $«
INTEGER B8

SUBSET F 4

COMMUTATIVE PROPERTY X #2 /&
ASSOCIATIVE PROPERTY %% &-&
INEQUALITY J~ 5

ELEMENT 7.

RATIONAL NUMBER 7§ 2¥ &
unioN U K

+

COUNTING NUMBER % ¥
DISTRIBUTIVE PROPERTY 7" Bt /4

IDENTITY 12 %
EXPONENT 45 ¥
INTERSECTION #§ &
) ,

°

VARIABLE Lo 8

ot
ot
o
)
b
()]
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Phase | Algebra Test Items
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1. By? — 2y? - 2y2

2. 13~ m+ 3b - B =7

True or false? Why? ) - =
If a>0, b< 0 and lal > Ibl,
~Then a + b = =(lal = Ibl)

[

L, Uncier what conditions does la + bl = =(a + b)?

5. If x320 and y 20, the smallest value of 2x + yZ = 1 is

6. If a - b =3, what is the value of b = a?

1.2 i
37,.1,37 _

(EL‘) T

z

8. Find the solution set: ixl = 3

9. If a>b and k<0, then ka__ 7 kb.

10. Find the solution set Ix - 1] = 3

11. Graph Ix1 <2

12. Find the solution set -7x §Ll
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3. What is the slope of the line: 3x - 5y _

y, If k3 + 2k? - 24k =0, then k = ? _

5. Graph all points (x, y) such that x and y are both between 1 and

+

6. Graph [x : Ix 11< 3]
7. If (x + 72 - 1 =0, x =27
8. U= [1, 2, 3], graph [(x, y): y>2/x]

9. The statement, "A certain number, f, increased by twice another
number, n, is equal to 30." can be written as:

10. Graph the solution set of x + y = 1.
11. Find three consecutive integers such that the absolute value of
their sum is twice the middie integer, increased by 28.

12. Graph: [(x, y) : y<lIx + 11].

13. The operation * is defined as: a *b =2a + b
Is * commutative? Why?
Is * associative? Why?

. 14, Find the coordinates of the midpoint of the segment (2,3), (4,9).
15. 6987 x 7013 = ?
16. Graph: [(x, y): Ix - 111N {(x, y): y<Ixl]

17. Two cars start from the same point and travel in opposite direc-
tions at the rate of 25 and 35 miles per hour, respectively. In
how many hours will they be 330 miles apart?

18. Is the following proof correct? Why?
Let x = 2 and y = 1. Then,
x? - 2xy + y? = x2 - 2xy + y?
x? - 2xy + y? = y? - 2Ixy + x?
(x = y)2=(y -x)? Y
(x -y)={y - x)
2x = 2y
z X =y
2 =1




Mr. Lee's age is one year less than twice Miss Wong's age. The

19. )
sum of their ages is 26. How old is each?

84x?2 + 135xy - 264y?

20. Factor:

=
. s

bwr e
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5 ' Phasz 111 Data
6/15/82

_ DIRECTIDNS, PART II, ANALOGIES

In each row find the drawing which will make the second pair of drawings like the ﬁfst pglr Then look at the
answer sheet, Part 1L to see how the answer is marked.

[A-]07] 0 ¢ 00
O’ Uo A =

>
O
>
D
,V
<D

IR A REY.

!
i
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PART II. ANALOGIES

In each row find the drawing which will make the second pair of drawings

like the first pair.

[C-la: O

celdr B

|| e EEH||e® 7

[B8lE ]

:\
a
0>

E e o ﬁV = - nu :<ﬂ }n E = K] |° @ I.n |
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Page 6 GA-5-CE

DIRECTIONS, PART III, COMPUTATION )
In each problem find the right answer. Then look at the answer sheet, Part i1, to sec how the answer is
marked.

T 5 - : T3 20+5=7? -i
’ o B 5
8 € 6

9 ‘ : E None of these
D 11 '
- E None of these
(Answer B is correct.)

Daw>

F 22
G 25 : '
H 20 B

L

. None of these

10 e e D4 S



GA-5-CE Page 7

PART IlI, COMPUTATION

1 63
- 26

6 %+5—=? 11 2%>:a=?

F36 ALY BuY Fl62- G
G 43 12 2 3

H 37 ) 12
J 4 o 3 3 3
~~———kNone of these- s ~—~-—P-Noneof these— L. None of these

it
w| N

7-

-

2 38 , 4.52 12

+ 49 : s 7 o 4 3
1

A None of these F 80 A 1- 1
B 76 G 60 4 -8
C 77 - H75 5 1
D 86 J8s 12 '3
E 88 L None of these E None of these

F None of these A l-
G 7576 10
H 7276 2

J 7565 ‘ ci5
L 7525

4 2583-+7=7? o Axol-, 14
N SN | 2 '
A 368 B 366 | 9. 7 | 9

C373 D 369

-4 -5 15 2o

5 120X3—=7 10 | T-+1
| 4 21 3 9

F 350% G 430 A

=}

H None of these )
S | ) .21
.!440? L 450



Fage B

—_— == 7
16 1C ,27 ?

- _4 3
A 7'?’ ‘B 8?
1 3
7 1
E None of these

cs8

- 7 3
y — e — = ?
17 18 2
F1l0 ol
" 32 T8

S S |
H2y Jlg

|
M

-y

b

" L None of these

7 B None of these

m =M
]

19 1.80=+15~
Fl2
G 12
H .12
J .012
Lanné ‘of thess

?

20

_ D None of these.

21

2
b

23

A 012

D120

GA—S-CE
24 40 jwhetpe T
cenry1607?
A 409
B 2.5
C fﬁ”a
D _ Notof the=se
E 259

E

[sn] I‘ L
it | 2
vk
1
ot

37
20

==}
[
Hlo

A

% M

s 2=
c2g

.1
Elg

1 .
- =7 25 gﬁ%@f?@f‘_}i;i =7

I
[
[ ] I‘ [ 4]
el

"y
il
o

.2

=
!
=~

alw o
[
n
[ ‘m m \w‘

i
L None of these L Nap these=

=

26 20 ijper ce=mt
of yiipumTber?
A 4
B 10
C 4
D1
E Notof thesee=

-1

[
LI ]

2 -6 =

B 12
cC 12

'E None of these

125% of 60 = ?
F 750
G 48
H 75
J 480
L None of these

STOP. Wait here Jor [l dircastions,
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DIRECTIONS, PART V, CLASSIFICATION

V, t6 e how theanswer is marked.

PR g leX XoX Xe)

A B . € b E A B c o E

<10 OV |« PA AOA

. Donotturn the pége! until you nre told to do 2o

123
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Page 1!
PARTV, CLAASSIFICATION
hg paf d awin gﬁdh wh ch doe mgnwilhlhe?thﬁs. o

2

5

6

7

a _ .

' F 6 H 3 L.

- G he n?;i Pag
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APPENDIX G

. Sorting Test: Words/Concepts




SORTING TEST
Words/Concepts

RATIONAL NUMBER R
X

IDENTITY 42 %
ABSOLUTE VALUE £& ¥f {4

n

R

FACTOR
CISTRIBUTIVE 7~ [E0
SLOPE

LINE £%.

SET 1%-

COMMUTATIVE & %c

EQUATION 7 a&i,

EXPQNENT {5 ¥
GRAPH B %&_

7

POINT %

ASSOCIATIVE %% 4~

. ;w

NOMIAL % 28 %
OORDINATE ;tiﬂifﬁ
QUADRATIC = #7_

4

O
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APPENDIX H

~ Phase 1ll Algebra Test Items
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1. Factor: 4a? - 12ab + 9p¢

2. Ix? =72
3. Solve: 9x? = 3x + 2 -

g, Find an equation of the line which contains ihe points (0,2) anc

3
=+

Simplify —— 5+ " 7

X =2
x + 3

| 1

8. Graph the solution set x%2 - 4 =0
X%y
10. Graph y>>(x - 2)? + 3

2

11. Find two integers whose sum is 18 and whose product is 72.

12. An eqguation of the line whn:h is parallel to the yaarls and which
passes through the point (4, -3) is

13, Simplify J3 (2J3 - V7))

he roote 3 . 2x -3 1 _
Find the roots of = ,2,27253(23 + % T




